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LIST OF ABBREVIATIONS USED IN THE TEXT

(TRANSLITERATED CYRILLIC)

attenuator

renge automatic lock-on
sutomatic lock-on

klystron AFC

AGC

automatic tracking
elevavion I-F amplifier current balance in
ranging system

aircraft circuit

switch, toggle

vibrapack

radio frequency

monitor jack on unit escutcheon
alr-tight lead, inlet, ‘bushing
reference voltage generator
diode, target pulse delay relative to transmltter
trigger pulse
lock-on maximum range

end-of -search range

"launch zone maximum range

launch zone minimum range
start-of-search range

scanning meximum range

dengerous closing renge

alrspeed data unit

choke coil

ranging system

locked-on beam

launch zone

induction coil

measuring instrument

monitoring point within a unit; receivlng channal
sensitivity

contact terminal

button or knob

limit switch i
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left half of tube..
Lz delay line
IN incandescent light (signal 1ight)
NL neon light '
MB - mechanical blocking
MU - magnetic amplifier
0o . ‘ - heating
"0" mode - scanning mode
"0" display  -"break off" display
0K deflecting coil !
p switch, block, plate
"P" light interference indicator light
"P" display interference display
Pr . fuse
Pr.lf2 L right balf of tube...
PUPCR I-F preamplifier
R relay
RD pressure data unit :
RRChK klystron manual frequency control
Sn selsyn 9
SP interference tracking
T g tempersture control, adder circuit adding factor,
pulse repitition rate
79 ‘pulse repetition rate in scan mode
T19 pulse repetition rate in alming mode
T30 scanning rate
16 tach generator
Tr transformer
U povwer supply
ultrasonic delay line
UPT A, dc amplifier for azimuth, elevation, tilt,
feedback &
I-F amplifier [normally UPCh]
radlo frequency plug
plug connector
automatic gain stabilization (AGS) or
sensitivity time control (SIC)
electromagnet
electric drive

2
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(LATIN, GREEK, AND MISCELLANEOUS)

L pulse maximum power
wvavelength
operational wavelength
resistor
- characteristic lmpedance
coefficient of total secondary emission
time corresponding to transmitter triggering

noise factor
pulse duration corresponding to end of search
phantastron pulse dur&tion corresponding
to end of tracking { '
pulse duration corresponding to start of
search
range-sweep-intensity pulse duration, range
swedp duration in scanning mode
- range-sweep-intensity pulse duration in
aiming mode
-, range sweep duration in siming mode

- R-F pulse duration in scan
« = R-F pulse duration in automatic tracking
- wide-gate noise pulse duretion
- input voltage
- maximum-range voltage, depending on ciosing

4 speéd and flight altitude
- minimun-range voltage, depending on closing speed

- voltage corresponding to present flight aititude

- volt?ge at stabilizer output

- voltage corresponding to speed of closing -ith
tar&et
- maxigum-range voltage at zero c¢losing specd
- nind) -range vbltage at zero closing speed
C - Jump{vpltage
- voltage corresponding to middle line
- volthge correspbnding to lower line

- voldage corresponding‘te upper line

magn tude amplifier winding; electromagnetic wirding
- ‘waveguide impedancn

- perantage modulation of ﬁarget video pulses
: ¥ 73‘ ' ,
| - ‘s-s-c-;n-z-mg.‘ ‘
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- aircraft bank angle
extreme left position of antenna on a line
extreme right posifion ‘of antenne on a line
capacitor !
electrie field strengthi
tube blocking voltage

voltage incremeht
local oscillator frequency
magnetron operating frequency

IF

resonant frequency

reflected signal frequency

pass band

flight altitude; magnetic field strength
maximum flight altitude

current of load ’

current across gas stabilizer

primary electron current

secondary electron current

) - increase oﬁ current flowing through half a tube
- inductance
- pulse power
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PART QONE
OPEhATING PRINCIPLS OF THS R-2L,
DESIGN AHD LAYQUT O ATRCRAFT

2

Chapter One
PURPOSE, OPERATING PRINCIPLE, AND BASIC
TACTICAL-FSCHNICAL DATA O THS R-2L

Section 1. Purvnose and Brief Information on Operation of Llu Al Topset
Intercention Comwlex

4 .
1 {
The R-2L airborne radar is desirned to function in & complei of e-
quipment for intercepting air targets on a Cightar-intercepbowr.

Regardless of visibility, the ra
scanning of spaca in the forwerd hemisx:
Inuth, elavation, and up to Dob with res
tic target lock~on and antomatic tarset
lar coordlnates and ranze; c.  tarzet dis
modes (automatic tracking) on the same 2lectronic iﬂil‘““

Ing eand Tiring of hoaing missiles; e. an "otvorot" (bre;; off) ui

nal for denjerovs closing ranze; £, auborabic colewlation anl Hrensz-

misslon to indicator of possible Iiring zone depsniing on altitiic end
a

dax provides for: a.
szhere sector with reap
2et to range; b.
C~P3n\ with respe
,.

P2
i

5P

55
£
T
closing speed; . operation in the presence of randon pulse noisz in
both scanning enl aubomatic traciing moles, and operation in the pre-
ence of passive noise directed toward the interceptor in the lock-on
and automatic traciing mode; h. siznallins the presence of saoobh
noise interference and, after suitchover o noise operatin* rnodz; in-
dicating and automatic tracking of the gowrce of smooth nolse inter-
ference with raspect to anzular coordinztes; 1. autometic sultchover
to scanning mode when sowrce of smooth noize interference ceasos to op-~
erate; J. eaubomatlc photography of the indicator sereen in fli_nt.

The system complex for alr-tar:et inbereention is desi=med for the
déstruction of enamy aireraft. The squipaent in the comple:r provides
for day ani nizht all-veather combat activity.

Dependin; on tarzet gltitude and spead the complex provides for in-
terception and destruction of a tarzet at verious ranges from the instal-
lation being provected.

6
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Section 2. Qperation During Air-Tar-et Iatercaption

At the moment' the interceptor 1s at distance Dob (scennin: ranze)
from target, the pilot concentrates his attention on the rader indica-
tor. The indicoior provides for hizh intensity of mariers on the screen
and facilitates detection end clear vigibility of a target,

To monitor rasar operation andi prilot function, equipment for photo-
graphing the iniicgtor Sereen starts wp as radiation of sownding rwlges
into space be:rins.: In the scanning wode dhe indicetor sercen iz photo--
graphed at the raté of a frame every 2.5 seconds.

In scanning mode the radar beam covers the forvard hemisphore Tor
azimuth with threejequal lings (upper, niddle, lower),

| ' . . c
From the noneit a terget pip is observed the alveraft is piloted in
accordance with the radar seracnm (£1z. 2).

The antenna ani, hence the scannin: zone ave stebilized with re-
R R 2 J -, o
spect to tilt within the limits plus or ninus 7C°,

Tilt-stebilization of the anbenna nrevents loss of ta
bank enzles. Durink closing, when the interceptor~to-t:r;e !
becomes equal to D (lock-on maximun ransed, the tarcet mario-
indicator enters %ie rectangle on the it filter,

From this monent the target cen be locked on for eutomatic traci-
ing, for which purpose the pilot presses the "Zakhyat" (Toci on) vutten
on the aircraft control handle and holds it until target lock-on,

get lock-on and the "Zakhvat! button cen be released, From the nonent
of lock-on the rader 1s on autonmatic target trecking by anzle and ren-
on the indicetor secreen the pllot sees the "bird" with centes mark’’
marker”), two range maris symetically situated relative to tha "narkey"
and tvo shaded arees on the "bird" -- the zones of pernissible firing
(fig. 3). The position of the center mark on the indicator seresn de-
fines the position of the terzet in spece,

&

The appearance of the "bird" on the indicator screen significs tar-

The distence between the center marx and either range mavl: shows
the renge to tarist. For & suceessful attack the Pllot, while closing,
flies the plane so thet the center nerk on the "bird" (or the ecvoschair
of the aininy sveep) does not go beyond the limits of the gnell cirels
on the indicator sereen,

8-E-C-R-E-T
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The posltion of the aireraft with respact to a bank, in both scanning
and aiming modes is not shown on the indicator screen since the nizh in-
tensity of the markers enables the pllot to glance away from the lndicator
to look at the horizon instrument. ‘

A missile con be leunched at any instant durlng the time the range
markers are in the permissible firing zones with the special sisnal com-
ing in; to fire the pilot presses the "pusk” (fire) button on the aireraft
control lever.

When closing with the target ab ranze Dgp o (dangerous closing range)
the order to texminate the atteck is signaled by the "0" (brezk-off) light
on the indicator.

If necessary %o drop the target the pilot presses the "Shros! (break-

off) button and the radar goes on scanning mode.

Section 3. Radar Operdtion Under Interlerence Conditions

‘a) Randon Interlerence §0

Provision is incorporsted in tha radar for suppression of random (it~
erally "non-sychronous"] pulse interference. It dous not show up on the
screen during operation and has no effect on the set's parameters. Hence
the pilot is sinply uneware of whether the interferenze does o» does not
exist.

b) Passive Interference [chaff]

When attackinz a terget which is dropping passive interference into
the rear henisphere the pilot sees on the indicator screen the pips from
the target and froa each cloud of passive interference. Denanding on the
frequency with which the lpbterference is dropped end the speed of the tar-
get, the plps fiom the interference clouds may elide on the screen into &
line diverzent alonz the azimuth (a tail) or mey appeer as discrate pips.
In the overall patiern of markers the former, which is et mauximm range,
1s the target merier.and the aircraft showld be piloted according to that
merxer with respect to azimubh. S '

The rader incorporates provislon for pessive noise supprassion, al-
lowinz lock-on and autometic tracking of a terzet vwhich Is putting out
passive interference. (Closing spesd on the passive interference is con-
siderably greater than closing speed on the target. The principle in-
volved in the suporession of passive interference 1s based on selection

8
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according to speed.

In an attack on a slow-flying target, closing speed on which is high
and which 1s perceived by the redar as passive interference, normal auto-
metic tracking is upset. In this case the pilot can cut off the passive
noise suppression with the togzle switch "Zashchita R-2L ot passivaykh
pormeXh" (R-2L pessive nolse suppression),

¢) Smooth Noise Interference

Tae "P" (pomelha-interference) display on the radar indicebor zhts
up in presence ol smooth noise interference. Thereupon, 1f there is no
target pip the pilot moves the selector switch on the TsD-41UTPH rader
control panel to "Pomekha" position. The radar indicator screen displeys
an artificial tarzet marker characterizing the position of the target
(nolse interference source) with respect to azimuth and elevation. Pre-
sent ranze to target is not indicated. The pilot flies the eircraft ac-
cording to the eziuuth and elevation into the lock-on zone and executes
lock-on procedwre. The position of the "bird" on the indizator screen
in aiming mode corresponds to target position in angular coordinztes. The
zones of possible Aring and the present ranze fo bterget are nob indicated
on the "bird". Firin: is erecuted on cormand from the grouai, During all
of this the "P"'display on the indicetor sereen is on. ¥When the suooth
nolse interfereiace discontinues the radar automatically switchass %o scan-
oing mode; the "P" display goes ouk.

3]
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d)  Ground Noise

Protection of the radar against signals created by reflection from the
ground at low altitudes is ensured by pulse~width suppression of the re-
ceived signals. The radar also provides for protection against pulse noises
created by reflections from the ground and arriving at the receiver during
the second operating cycle. In order to protect the radar against such
slgnals during flishts at low altitudes, the; pllot deactivates the lower

" scanning line by means of the toggle switch marked "Zashchi*a R-2L ot znﬂli"
(protection of the R-2L against ground [nOiSES])

Section I, Make-up of the Radar Set
The radar includes the followlng units and assemblies.

1. Antenna TsD-31TP, which forms a narrow bean and scans the forward
hemisphere or automatically tracks & target in the aiming mode.

2.  Receiver-transmitter unit TsD-32TK, which shapes the pulses which
trigger the magnetron oscillator, generates high-intensity RF pulses,’ pro-
vides for aonversion end preliminary emplification of the received SLA nals,
and automatically maintains a constant interwediaste frequency.

3. Receiver TsD-33, which provides the main amplification of the
received siznals, controls the galn autozatically, modulates the reccived
signals with respect to time, and protects the set against randca noise
in the autonatic tracking mode. . N

4. Indicator TsD-3WTPM, which creates on the screen of a cathode-
ray tube & radar displey of the forward hemisphere zone which is seen by
the antenna. If targets are present when operating in the scanning mode,
the target echos are observed with elevebtion markers "Verkh-Niz" (top -
bottom) in corresponding positions on the screen.

In the ainming moée a "bird" with.present-range mafkers appears on the
sereen of the indicatér. The position of the "bird" on the screen corres-
ponds to the elevation end ezimuth of the tracked target.

5. Sweep unit TgD- k6, which shapes the sawtooth currents for the
range sweep and a21muthal sweep In the scanning wose, as well as the range
sweep, azimuthal sweep and elevation sweep in the alming mode; the unit
creates a peruissible:firing zone which is pr0portional to the closing speed
with the target end the flight altitide of the interceptor.

6. Unit TsD-36 for shapinz synchronizing pulses and "Verkh-liiz"

(top - botton) merkers, whick shapes trigeer pulses for the receiver, trans-
mitter, and "Verkh-Liz" warkers correspondlng to the position of the target
in space with respect to elevation in the scenning mode.

7. Renge unit TsD-37, which provides for search and tracking of tar-
gets with Tespect O range, protects the set asainst passive-ECi, snd generstes
Dy 8nd n . voltages which are dependent upon the closing spced wiv h the
target and e flight altitude of the intergeptor.

8.  Power supply unit TsD-38, which supplies the entire set with the
following rectified and stabilized voltages: +300 v; 4250; 4150 v; -230 v.

3
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9. Antemna control unit TsD-MOTK, which controls the ezimuthal and
elevation movements of the antemna reflector through the ‘magnetic anplifiers
of unit TsD-LLTP.

10. Control panel TsD-U1UTPY, which combines the controls for the set.

11. Test panel TsD-KIKTP, which combines the lelments for testing and
monitoring the set.

12. Connection box TsD-h2, which is designed for connecting all the
units of the set to each other and for automatically switching the cntire
series of circults to the various operating wodes of the set.

13, Magnetlc amplifier and entenna tilt stebilization unit TsD-MLTP,
which amplifies the signals which control the antemns in the aziauthal,
elevation, and tilt directions, stabilizes the tilt of the antenna in the
scanning mode, and sets the antenna at the zero tilt position after range
lock-on of the target.

14,  Unit TsD-25TK for synchronization and noise-suvpression, with
UZLZ (ultrasonic delay line), which time~synchronizes the operation of
all channels of the radar, provides suppression of random pulse noises and
ground reflections, and shapes the integrated target pulses which are re-
quired for operation of the indicator.

15. Noise interference display unit TsD-20TK, which in the presence
of smooth noise interference sends a signal to the "P" display of wnit TsD-
34TPY; in the "pomekha" (noise) or intexrference mode, the unit generates
a pulse which opens the receiver and en artificiel target pulse, end gener-
ates signals vhich switch on the tracking mode; in the "kontrol!" (monitor)
mode, the unit shepes e pulse which triggers transmitter TsD-32TK.

16. "Antenna-Equivalent” switch TsD-20TPM, which channels energy to
the antenna or to the antenna equivalent upon commend from control panel
TsD-41UTPM. ‘

17. Photographic unit 34IVNP-T (camera PAU-UT3-1 with focusing de-
vice), which permits monitoring the operation of the radar and the per~
formance of the pilot while in flight.

18. Phdtogrephy synchronization unit VSYu, which automatically
controls the operation of the camera.

19. DVS, connection box, which serves for callblation of the DVS
(air speed data unit).

20. Flters for units 32TK, VSYu, and PAU-hT3 1.

21. Rheostat for controlling megnetron current.

Shock-absorbing frame.

23. Set of conndeting cables.

2 Installation frame in aircra t.

The following aircraft instruﬂcnts and power sources are used in opera-
ting the radar in flight'

1. Altitude daﬁa unit VTqD~30, which generates a continuously changing
voltage proportionel to the flight altitude of the interceptor and feeds it
to th: fire conbrol coumputer, end elso cenerates e voltage dof 427 v at flight
altitudes of 1% ka and greater.. |, ‘
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2.

The set of cables supplied with the rader,

Air speed data.unit DVS. [end of page 23]

[page 24 of Rubsian text missing]

[begining page 25]

in addition to the multi-

conductor and coaxial cables, includes adapter cables 19F, 19-1F, 20F, air-
craft cablc assembly, heraetically secaling plugs, and extension cables 19k,
19-1k, 20k,

Section 8. Basic Pactical and Teclinical Data

a.

b.

16-1k, 15-2k end 15k.

Basic Tacticel Deta

Scanning meximwn range
Lock=-on meximwn range

Time required to prépare set
for operation afteriturning
on supply voltages

Noise stability of Fetr

with random pulse nolses,
the detection and tracking
range

_ with passive-ICM dispersed
into rear hemisphere of
target airceraft,

with smooth noise inter-
ference,

Basic Technical Data

1.

Operating frequgncy renge
Peak power

Pulse duration:

in scanning wode

in autowetic tracking mode
Pulse repetition iete:

in scanning mode

in autozatic traciing uode

is not reduced

lock-on and track-
ing of target is
ensured

ensures search for and
and lock-on of terzet

without indication of

range

Mz 30 Me
Ppulse

IIls

Ts1

corvesponds to ultrasonic

delay line (19), cps
719 cvs

Sensitivity of receiving channel for

reception of signal plus
noise
14
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Scanning frequency

Position of target in vertical
plene is reproduced by weens
of ™erkh-Niz" (top-botton)
ertificiel narkers

Radar supply voltage:

from eircraft circuit 427 v 2 104,

from stabilized frequency
source 115 v, 400 cps

from three-phase voltage .
source 36 v, %00 cps

Power consuupbion:
from 27-v aircraft circuit not more than 12 a
from 115-v, 400 cps source not more than 11.5 &

from 115-v, 600-900 cps
source ‘ not more than 1l &

&rom three-phase voltage
source 0.8 a per phase

10, Weight of rader components
' less power supplies 163 kg

Section B. lLocation of Radar Components end Other Asseublies Ensuring
Operation of the Rader in the Aireraft

The following units comprise the rader set in the aircraft:

Antenna TsD~=31TP.
Transnitter TsD-32IK
Receiver TsD-33
Sychironization and noise-suppression unit TsD~25TK.
Noise interference indication unit TsD-28TK..
"Antenna-Ekvivalent? (entenna-cquivalent) comautetor unit TsD-29TPM.
Indicator TsD-34TPH.
Cod#- end "Verkh-Nig" marker-shaping unit TsD-36.
Rangé unit TsD-37 ' i 5
_ Power supply unit TeD-38.

O O\ Fw
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Antenna control unit TsD-FQOTK.

Redar control panel TsD-ULUTPH.

Test' (monitoring) panel TsD-UKTP.

Connection box TsD-42 with magmetron current rheostat.

Magnetic amplifier and entemna tilt stebilization unit TsD-LLTP.

Sweep unit TsD-U46 ‘

Photographic device synchronization unit BSYu and BSYu power

supply filter.

18. famera PAU-473-1 with PAU power supply filter, light filter and
focusing attachment.

19. Box of resistances for DVS.

20, Set of coaxial cables for connecting the above listed units.

51. THarness consisting of cables 19F, 19-1F, 20F, and rubber hose for
air-conling transmitter of set.

Also installed in the aircraft are units, assemblies, end components
which ensure operation of the radaxr but which are not included in the make-up
of the radar.

These include:

Altitude date unit VIsD-30

Air spced data unit DVS.

Signal Distributor 1186A.,

Buttons: "Zakhvat" (lock-on), "Sbros" (vresk-off), "Pusk" (fire).
Togile switchas: "Zashcita R-2L ot zemli" (protection of R-2L
against ground [noises]), "Zashchita R-2L ot passiv. pomekh"”
(protection of R-2L against passive-ECH) .

Voltage converter P0~1500.

Voltege convérter PT-500Ts.

Set of cables and feeders for connecting wnits of radar with
aircraft essecublies.

Redar units TsD-32TK; TsD-33; TgD-25TK with ultrasonic delay line;
TsD-26TK; TsD-29TPi; TsD-36; TsD-3T; PsD-KOTK; TsD-42 with magnetron current
control rhoestat; and TsD-MAIP are attached to the comnon shock~absorbing
frame of the set.

The shock-sbsorbing frame of the rader set is in the foim of a frame
with special receptacles and scatin areas to vhich the above-listed units
are dttached.

The shock-absorbing frame is rigidly atteched to the aircraft’s radar-
mounting frame. The aircraft {rame {5 in the form of two parallel channel
pars with a ring rigidly attached to their forward ends and a special metal
cross~beam with a center opening atteched to their aft ends. The radar
antenna (unit TsD-31TP) and radiotransparent conz are attoched to the ring
of the frane.

The sircreft's rader frase is located in the nose part of the aircrafit
and rests on special fixed rails. To the cross-bean of the frouwe is attached
the rod of s hydraulic cylinder which is used to move the frame together
with the rsdar sct and cone in an axial direction.

S-E-C-R-E-T &
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The units mounted on the aircraft frame arc connected to the remaining
units of thc set and to the aireraft electrical circuit by means of plug
connectors Shl9F, 19~1F, Sh20F which are attached to the wall of the con-
taincr.  Access to these conncctors is throush the forward upper nose hatch.

Located in ths upper nosc equiprent bay are units TsD-38, BSYu, BSYu
filtevy VIsD-30, signal distributor 11864, end the DVS box.

The "Sbros" button is Located above the left upper boarmi of the
instyunent panel.

The "Zelhvat" and "Pusk" buttons are located on the aireralt control
stick.

The "Zashdita R~2L ot passiv. pomekh" toggle switeh is located on the
left side pancl.

The "Zasheita R-2L ot zeali" toggle switch is located on the left side
panel.

Voltage converter PO-1500 is located bzhind the pilot's cockpit in the
electrical power supply compartacnt.

'

8-E-C-R-E-T

)
Cow -
..

Sanitized Copy Approved for Release 2011/03/31 : CIA-RDP82-00038R001800190001-3



| Sanltlzed Copy Approved for Release2011/03/31 : CIA RDP82 00038R001800190001 3

50X1-HUM

Chapter Two
OPDRATING PRINCIPLES IN THE BASIC MODES

(see fig..8 in book of drawings)

The radar is operated in one of five basic modes depending upon the
assigned mission of the aircraft:

Scenning mode;

Alning wmode;

"Locked~-on bean" mode

Scanning-and~aining~withesmooth-noise~interference mode;
. Monitoring mode.

The Scanning Mode

When toggle switch "St. vykL. - St. vkl. - Vys. vkl." (set off - set on-
high voltage on) on control pancl TsD-LLUTPM is pleced in the position "Vys.
vkl " end toggle switch "Pomekha - Soprov. - Zakr. luch" (noise - track -
locked-on bezm) is placed in the position "Soprov.", stabilized, rectified
voltages of 4300 v, +250 v, +150 v, and -250 v arc connccted to the radar set
from unit TsD-38 and the set is converted to the target tracking mode.

Within 3 to'S minutes after the set hes been switched on, the hijh volt-
age 1s autoratically connzcted. Allchanpnzls of the set are synchronized

by wnit TsD-25TK -~ the synchronization and noise-suppression unit. In order
to protect the set acainst ground clutter created by reflections froam the
ground at long distances and passing through the set in the sccond cycle
(repitition period), the radar uses wobulation (time moduletion) of the re-
petition period of the transmitter trigger pulses with uubuoquont de-wobula-
tion of the signals received from targets.

The pulses of the master blocking oseillatro 25LL are fed to driver LP3S,
are delayed in the mltrasonic delay line, amplified in UPCh-10 (IF emplifier),
and are agelin used to trigger the master blocking oscillator, synchronizing
the latter with the frequency determined by the delay of the delay linz. The
pulses are sent from the master leCklnb oscillator to the blocking oscillator
vhich generated the tg synehronizing pulses (hali of tube 25L11). When_operating
in the aiming wmode, these synchroniziny pulsos are sent from the output of
tha blocking oscillator to trlggcl intensity-pulse multivibrator %313 in
unit TsD-Us.

The t, pulses pass through wobuletor 25DL4, D15, delay lines 25Lg-7
through LZ-9, to the wobulated pulsc blocking oscillator 25L12.

From the output of the blocking oscillator tuz wobulated pulses rass to
unit TsD-35 and then through tubes JoLl, , 4oand 5 to trizger unit TsD ~32TK
at a frequency of T9. ’

18
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srating in the scamning mode, the su s - J
havinﬁhzndzigzion %s which, through the modulator (tugzs 32L1-6 through Ll 7,
contr;ls the operation of the magnetron oscillator 3212,

5 ~h the tted
The RF encrgy from the magnebron oscillator passe;otzggu“intgnnziot
bridee, a ferrite circulator, and a double T-jugctiog ot Ehis e ron
v i £" comnutator TsD-29TR. The commutoator direc ietzon
Ekvii; Z?thc* }ﬁto the RF end of the antenna or to the antenna equiv .
ene by 2

‘ mmand from radar control panzl
. ] inz 1s accoaplished upon coman brol. B .
TsD QES;;WSzzgiih;oS"le switch "ckvivlacnt—izluchcniye" (eqaivaliggsrai¥axlol :
v ’ s opor ith the and a eouivalent for the pu e
“tron is oporated with the antenna &g e o
32§a$a§2§2;$?egc 1§vthc event that it is unnecessary to radiste energy 1

space.

The pulses froa block oscillator II (36L2) are fed through cethode
follower I (half of 36L3) to thc delay linz. The delayed pulses pass throush
cathode follower IT (half of 30L3) end trigger thé receiver modulator 33L10,
hlaf of LLl in unit TsD-33. The modulator gemzrates a pulse with a dura-
tion Tgy. s, which opens the IF amplifier of the receiver for this period
of time.

The high-frequency part of antenna TsD-31TP shapes the energy applied
to its pripery elcaent into e parrow beam and radiates it into space. A
conical beam is formed In space when scanning motor M: of unit TsD-31TP
rotates the antenna radiator. When the reder is opereting in the scen-
ning mode, the antenna bean has the trajectory shown in Fig. 5.

As seen from this figure, the trajectory of the beam represents the
result of the addition of three moveuments:

-~ movement in an azimuthal direction to the right (left) et uniforu
spaed; :
~= elevation jumps)upward (dovmward) at the end of the azimuthal line;
-- conical scanning. ‘
s 1
Thus, the scanning beam of the antenna "qiews" the zone in space along
three azimuthal lines. 'The radar entenna is & twin-reflector, parabolip
anteona with polarization rotetion. The enterme rediator is located between
the reflector. In fronk :of the radistor is a parabolic reflector.
o | |

_Behind the radiator is & flat reflector which reflects the incident
wave and rotgtes polari#ation.: From}the radigtor the wave falls on the
parabolic reflector. THd enmerzy forued by this reflector into & narrow
bean, is reflected end falls on the surface of the flat reflector.

y 50X1-HUM
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The flat reflector rotates the polarization of the incident wave and
reflects it again in the direction of the parabolic reflector. As the
flat reflector rotates, the beam moves in space. When the set is operating
in the scanning mode, the flat reflector oscillates in an azimuthal direction
with uniform speed and, at the end of the azimuthal line, moves upward or
dovnward in an abrupt motion according to the pattern shown in Fig. 5. This
ensures scanning of the forwerd hemisphere.

Motion of the entenna’s flat reflector is controlled by ezimuth motor i2
and elevation motor ML of antemna TsD-31TP. The clectrical coupling betwesn
antenma TsD-31Tp and ent3nna control unit TsD-HOTX 1is provided by azimuth
selsyn 315n3 and elevation selsyn 31Snl, which generate voltapes proportional
to the position of the flat reflcetor of the entenna with wvespeet to azimuth
and clevation.

The voltege of azimuth selsyn 31Sn3 is fed to the aziuuth scerch cir-
cuit LOL1 throush HOIk, from the output of which on adjustwent voltage 1
fed throuzh azimuth magnetic amplificr LUl to the control winding of the
aziaubh wotor, Signals corresponding to the extreme azimuthal. positions of
the antenna reflector are fed from the azimuth scarch cireuit to the
elevation search circuit (half of BOLL7, BOL5 through ROLS). At thesc moments
the elevetion scarch circuit begins to generate a voltage Yo the scarch
circuit and the clevation "DU" (ranging unit,tubes LOL12 throuch LOLLY),
where it is added to the voltage of elevation sclsyn 31Snl.

As a result of the addition of the "jump" voltage and the elevation
gselsyn voltage, there appears en elevation adjustient voltage which passes
through magnetic emplificr WUMU2 snd controls tho elevation wmotor 31ML.

The position of the scannzd sector in space does not depend on the
banking anzle of the aireraft, since the antenna is stabilized in the scanning
mode. '

A voltegze proportional to the bank angle of the alircraft passcs from
the aircraft's gyroscopic data unit AGD-1 through signel distributor 1136A
t0 the stator of selsyn 31Sn6. The miswmatch voltage froa the rotor of
sclsyn 31Sn6 is fod to the input of the tilt chennel (tubes LLL2 through WLIA).
The adjustuent voltage is taken from the output of the tilt channcl, passcs
throuzh magnetic ampliffer - BhiU3, and is fed to tilt motor 3LM3 which tilts
the antenn2 in e direction opposite the banking wmotion of the eircraft and by
an anple cqual to the banking angle. The scanned sector may be stabilized at
alrcraft banking angles up 1o *‘70” To ensure the necessary transient
characteristics, tech generators TGL (elevation), TG2 (azimuth), and TG3 (tilt)
arc installed in the antenna control channels to provide fecdbagk.

I tavrzets are present in the scanncd zon2 at renges up to Dops the
hich-freguency signals veflected frou the tergets are received by the antenna
and pass throuch the double T-junction, ferrite circulator, and slotted
bridge to balance mixer 32DL, 32D2. The klystron oscillator voltage is also

20
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fed to the balence mixer. The RF oscillations, converted by the balance
mixer into IF oscillation, are amplificd by en IF. preamplificr and pass
through coexial cable FL to the IF¥ emplifier (33L1 through 3316) of unit
TsD-33 for mein amplification. A constent intermediate frequency fy,. is
meinteined during changes in the megnetron or klyston frequency by ghe
APCHK (klystorn AFC) circuit (APChK mixer 32D3 end APChK assembly 32L%-1
through 32I4-G) in unit TsD-32TK, and is based on the compensation of any
freguency deviation by an appropriate change in the voltage at the klystron
reflector 32L1 wihich leads to a chenge in the frequency of the Klystrom.
The IF target signals from the output of the IF amplifier (33L1033L5) pass
throuzh detector 33L7. The terget video pulses are amplified by video
amplifier 338 and pass through the cathode follower (half of 33L9) end
coaxial cable FS5 to the video amplifier (half of 25L3) of the sychroniza-
tion and noise-suppression unit TsD-25TK. The video pulses then pass froa .
the output of the video amplifier through a pusle-duration sélector (half of
2513, 25L14, deley lines 25L2-%, 2512-5, 25L7-10) to & dewobulator (2506,
25D7, delay lines 25L2Z~-1 through 25L.2-3) which restores the pulse repeti-
tion period l/T9. When signals appear at the dewoblator which have arrived
froa a distance of more than l/T9 mlicroseconds, the pulse reretition period
will not be restores by the dewobulator. .

For supwression ofl randos pulse noise, the target pulses from the
dewobnlator are amplified by video amplifier 25I4% and fed dircctly to co-
incidence circuit 25L5 and a delay nctwork consisting of cxclter Lp3, ultre-
sonic delay line, and IF amplifier-10. Frou the output of the amplifier the -
target pulscs, which have been delayed by & value squel to the delay time
of the line (1/T9), arc fed to coincidence circuit 25L5.

Since the target pulses after dewobulation have a.repetition period of
l/T9, the first delayed pulse will coincide in the coincidence circuit with
the second undelayed terget signal. The coincidence circuit now produces a
signel which is amplified by the video emplifier (half of 2516) end passcs
through cathode followers (half of 25L6 and balf of 25L11) to the output of
the unit. :

Random noise pulsés have a period differing from l/T9; therefore, they
will not coincide with their won delayed (by 1/T9) pulses in the coincidence
circuit and will not pass through the circuit to the output of the unit.
Signals created by ground reflections and erriving from & distence of more
then 1/T9 microscconds are converted by the dewobuletor into random noise
and also will not pass to the output of the unit.

The output of unit sD-25Tk will pass only target pulses whose duration

at the output of the réceiver doss not excee% 2.5 Tg.

Th2 integrated ta*;tt pﬁlscs froan tae odtput of unit TsD-25TKk are
fed through coaxial ca%le F3 to a cathode follower (half of 3615) whose losd
R X
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. .
is formed by a l2-microsccond delay line (36L7-2 through 30LZ-4). Pulses are
taken from the beginning and end of the delay line and fed to the "Verkh-Niz"
(top-botton) marker-shaping circui# (36L7 through 36110, 36L13 through 3GLLT).

The elevation of & terget is determined through thz use of a "jump”
voltepe, generated by the elevation scarch circuit (half of kOLL7, L4OLS
through 40I8) of antenna control unit TsD-LOTK, at the same time that the
antenns 1is scenniny space elong azimuthal lines. Elevation warkers appear
on the screen of the indicator in the form of verticel lines above or below
the target werker or simultaneously, depending upon the elevation of the
target in spece, on the upper, lowér or middle azimuthal linc respectively
(sce fig. 2). If the target is on the upper line of the scomned zone, tar-
get pulses teken {rom the end of the delay line will pass to the output of
the "erkh-1liz" marker-shaping cirbuit; if the target is on the lower line,
target pulses taken from the beginning of the deley line will pass to the
outvut of tha eircuit. If the tarpget is on the middle line of the scannad
zon2, tarcet pudses from the beginning and end of the delay line will
pass to the output of the marker-shaping circult.

Reference voitase generavor 31GL of unit TsD-31TP is used to produce
"Yerkh-lliz" merkers in the form of suveral vertical marks located avove or
belov thz target marker (scc fig. 2). A voltage at the scanning frequency
T30 is fed froa reference T30 is fed from reference voltage pencrator 31GL t
to a modulating pulsc-shaping clrcuit (half of 36LL3, 36LLY) which doubles

"the frequency. The modulating pulses pass to the "Verkh-Niz" warker-shap-
ingz circult and modulate these signels at a frequency of 2(T30) cos.

Signals from the output of the "Verkh-Niz" marker-shaping cimcuit arce
amplificd by video amplifier 36L11l and are fed through a cathode follower
(helf of 36L12) end coarial cable F7 to sweep unit TsD-hG. The video sig-
pels pass from unit TsD-46 through e video amplifier (half of 34EL2) to
the cathoderay tube. ’

Pulses taken from approximetcly the center tap of the delay line are
also fed to the input of vidco amplifier 36L11. These pulses are used to
create the terget markers on the indicatnr.

Wnan the reder is operating in the scamning mode a "B" type sw2ep is
formed on th» screen of the indicator in azimuth and rapse coordinates. The
"B" sweep is foraed by & range sweep circuit (intensity pulse multivibrator
46L3, sawtooth voltage end current generator -- half of USI%, LGL5) end an
azimuthal sweep circuit (b6D1L, 46DL5) in unit TsD=46. A synchronization
rilse from unit TsD-25TK is used to trigger Intensity pulse multivibrator
L5L3.

In the scanning ucde the voltage from the eziwuthal sweep selsyn
31 S22 is fed 4o the ezimuthal sweep cireuit. The pulse from the intensity
pulse nultivibrator 4513 is.fed through a cathode foilower (balf of LOLY)

22,
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t0 the control electrode of the tube apd opens the tube for the duration of
the range sweep. The sawtooth sweep voliages are fed to the deflecting
systew of the cathode-ray tubs of unit TsD=34TP4 and create a rectengular
trace on the screen of the indicator which is invisible et normal screen
brightness. The target markers with the "erkh-Niz" markers are distributed
within the bowlaries of this rcctanguler trace. ’

Since this set uses en intensity pulse indicator with e long-persi
tube, the persistence time is controlled by means of e special image-or
circuit -- a pulse-erasing blocking oscillator (helf of 3412) which ensures
extinction of the image in the scanning mode.

In order to provide noise-protection of the radar when ogperating in the
scanning mode, the receiver is opened by a noduletor pulss during the period
following ecwission of the main pulse.

After emission of the wain pulse, e SM%KI@utomatic (ain stabiliz&timﬂ
gate pulse is fed to the receiver modulator of unit TsD-33 fron unit TsD-25Tk.
During this period the receiver is open for operation of the ShARU circuit
(half of 33L11, 33112, 33L13, half of 33L15) vhich automatically wainteins 2
constent noise amplitude at the output of the receiver by chansing the gain
of the IF amplifier of the receiver as thz noise level chanies.

50X1-HUM

|

i
| [ 23
.~ 8:E-C-R-E-T

Sanitized Copy Approved for Release 2011/03/31 : CIA-RDP82-00038R001800190001-3



Sanltlzed : roved for Release 201/03

Note: Figure 4 not in document.
' 50X1-HUM

up P er lin e’
ip,wmﬂ mpw,m

”“Cl(] IE l |ne
() DETHRS . c’/vpaka'

Tower Tine =

/9 Ust WRR. mzazmw |

" pur. 5 Tpaemopnﬁ i enua Ayua B ”
S - pexiune * Gsap o . AR

Figure 5. Beam Tra jectory in the “Scanning Mode"

50X1-HUM

24
§-E-C-R-E-T

Sanitized Copy Approved for Release 2011/03/31 : CIA-RDP82-00038R001800190001-3 |



Sanitized Copy Approved for Release 2011/03/31 : -RDP82-3001 0

" 50X1-HUM

2. Alming Mode

The pilot presses the "Zakhvat" (lock on) button on elosing with a
targel at a distance equal to lock-on range whan there is, on the indicator
Sereen, a targst pip with th: "Verkh-Nig" (top—bottam) rarks locatzd in the
zero of the azimith scale of the indicator, 1In this casc, the set goes into
"Distantsionnaya ustanovka" (pU) (rarging system) mode until the automatic
range lock on 1s triggered. In the DU mode the antenna 1is positionzd as to
azimuth and elevation. In this mode, the pulse repetition rate of the
TsD-25TK oscillator 1s changed and becones equal to T19, the wobbulation
of pulses which triggers the transmitter is shut off, the ;ulse delay of
the ShARU is changad, and the TsD-32TK sub-modulator unit forms a pulse
with a duration of Ts1 which determinss the duration of the bigh frequency
pulse being radiated.

~

Search in azimuth and elevation by the TsD-hopg antenna control unit
B suitched off in the DU mode. :

1

Voltage from the 31Snl elsvation selsyn only, is fed to the input
of the search and DU elevation circuit (LOLL2 through LOLLL). Under the
action of this voltage a mismatch in the search and DU elevation circuit
turns the antenna mirror in elevation in the directlion of least voltags
from the 3iSnl selsyn by means of tie 4lpyp elevation magnetic amplifier
and the 31M! elevation motor. Tha voltage from the elevation selsyn becomss
equal to zero when the antenna dish is set at an angle of + Lg',

Voltage from the azimuth selsyn 318n3, which is equal to zero when the
antenna is in the zero azimuth position, 15 fed into the input of the DU
and automatic azimuth tracking eircuit Lorg through LOL11. ' Under the action
of this voltage the DU azimuth circuit 4y forces the azimuth motor 31np
to move the antenna mirroy in the zero azimuth position. When the "Zakhvat"
button is pressed a signal is sent to the TsD-37 .unit for switching in the
range search. In additlon, the 37L13 controlling stage operates in the
oscillating mode. The sawtooth voltage of the 37L13 transitron generator
(slow sawtooth voltage) 1s compard on the 1/2 37L3 comparator with the
fast sawtooth linéaﬁjy decaylng voltage from the phantastyon 37L1;

1/2 3712, The phantastron fast sawtooth vdltage is triggered by a synch-
ronizing pulse comin@ from the TsD-25TK unit. The duration of the phanta-
stron sawtooth pulseit$ equal to Tk.p. A pulse for triggering the narrow
gate blocking oscillator 1/2 374, 3715, ié given at the moment of equality
of the sawtooth voltﬁges, which triggers the half-gate blocking oscillators
1/2 371k, 3716, and in the DU mode & pulse 4s fed through the coaxial cable
Fe for gating the receiver. The delay of the narrow gate is changed from
Dn-P- to Dk.p- ‘ : ’

.
14




H Sanitized Copy Approved for Release 2011/03/31 CIADP8-038R180019000 3
ESEATES '

"50X1-HUM

The pulses from the half-gate blocking oscillators control the dis-
eriminator of the automatic lock on 37L14 through 37L16; 1/2 27L17,
37L10 and the tracking system discriminator 37L7 through 37019, 37LLL,
1/2 37L17. Automatic range search will be made in thz DU half-gates. 1In
the DU mode the pulse for triggering the  wide gate from ths TsD-35 unit
is not fed into the TR-switch of the TsD-33 receiver. In this mode the
receiver bperates for ths time of the narrow gate from the TsD-37 unit which
shifts in range from Dy,p. to Dk.p. and the ShARU gate from the TsD-25TK
unit, while tha ShARU gate is supplied every cycle.

The target pulses, coinciding with the narrow gate, are f=d into the
input of the tracking system diseriminator (37L7 through 37L9, 1/2 37L1L,
1/2 37017, 37L10. On closing with the target, the lock on of the tracking
system half-gate discriminator coincides with the target at the lock on
range, the range search discontinues, and the tracking syetem tracks the
target. .

A passive nolse suppressor is provided in the TsD-37 range unit.
Passive nolse is the chaff cjected and scattered by the targst-aircraft
in th2 r2ar half-sphere. Th2 closing speed of the pursuing plane with this
Interference is larg: and is close to the spsed of the purcuing airplanz,
The signal, reflected from the chaff is eithar ragresanted on the receivar
.output as separate (discret2) pulses or combin2s invo one continuous pulse
of long duretion, depending on the frequency of chaff ejection and the spsed
of the target. In the latter cace, the rear edge of the pulse determines
the pasition of the targat.

The method of éuppressing passive nolses makes it possible to lock on
and track the target for range. The interval of the tracking speads depends
on the airspzed of the pursuing plane. A voltage proportional to tha speed
of the pursuing airplane is glven off by thez alrspeed unit end is fed into
the 1/2 37L18 speed szlactor cireuit of tha TsD-37 uait. An estimate of
the closing spsed {s made from the momant the tracking system starts tracking
the target. If thé closing speed with the targst excseds th: tracking speed
then the 1/2 3718 spesd selector and the scarch shift circuit (1/2 37118,
37L19) are triggerad. When the half-gates coincid: with the target pulse,
an estimate of the closing sp2ed with tha target will again occur. The
selection continues until the target appzars whan pressing the lock-on button
in the reverse search range and the closing speed with the target is less
then the selected speed.

With the appearanc2 of the target in the search range, the closing spead
1s less than the selected velocity, the rangs lock on automatic device (37LLh4
through 3716, 1/2 3TL1T) operates and automatically switches the set over to
aiming mode. The tracking system from this momert changes over to automatic

racking for range mode, and the controlling stage (37L13) goes ovar to

2.6
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integrator mode. The tracking system discriminastor continuously acts
through the contralling stage (37L13) on the comparator and automatically
maintains a coincidence in the time of the half gates with the target
rulse.

The ARU {attomatic gain control) is switched ia the automatic tracking
mode with resject to pulse and is shielded from random noise. For con-
trolling the operation of thz ARU, two ARU half-gates, one of which colncides
with the target and &he other delayed relative the target, are fed through
the coaxial cables F3 and F 18. The ARU circuit (1/2 33115, 33L16 through
33L18), as a balancad circuit, reacts only on signal from the target and does
not reactrandom pulse noise. ‘

The range pulse from the TsD-37 unit 1s fed via the 1/2 33L19 limiter
into the 33120 coincidence stagz. The target pulses, coineiding with the
rapnge gate, and which enter the input of tge colncidence stage 33L20 through
the video asmplifier and the cathode repeater 33121 by the coaxial cable Fh
are fed into the ant2nna cpntrol unit TsD-#OTK. In the aiming wmods the remote
antanna setting is iscontinued and the TsD-LOTK antenna control unit switches
over ‘into the automatic mode for tracking the target in azimuth and elevation,
and antenna stabilization for tilt is alsojdiscontinued. The voltage from
selsyn 31Sn5 for establishing zero setting of the antenna for tilt, through
the tilt channel and the tilt magnetic amplifier 31MU3, forces the tilt
motor 31M3 to fix the ‘antenna in the zero tilt position reletive the air-
plane. P : ‘

i . | , .

In the aiming modq, the antenna radiatbr contimues to rotate with a
frequency T30. Since the radiator ‘axls shifts relative to the axls of the
parabolic mirror, a conical beam is formed in space with the rotation of
the radiator. If the target is on the axiF of the cone, ther the amplitude
of the signal which is received from the tPrget depends on the instantaneous
position of the antenna beam and is identical for the entire rotation period
of the radiator. : [ ‘

If the target 1ts?lf shifts relativé?t e axis of rotaﬁion then the
amplitude of the signals received will chepge within specific limits reaching
a maximum when the axis of the beam approaches the target (in the upper
position of the dirdctiozal diggran) anl falling to & ninimum vhen leaving
the target (in the bTer position of the diagram). Do

; . ' ! | o . ! |
1s are modulated by fthe frequency of rotation. The
in the auplitude of the target signal is characterized

‘gpread of the chang 1tude  of [t
by the value of the [target displacement angle relativé th% equisignal direc-
tion, anq the phase] relapive to the| diredtion of the arTet deviation.

The?received sign
1S
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A voltage, the so%called error signal, 1s formed in the 4OL1S error
signal detector of the TD-iTKantenna control unit from the modulated signals
from the target coming from the TsD-33 receiver output through coaxial cable
F4. The error signal ic used also for controlling the azimuth and elevation
motors through the azimuth (4OL9 through LOL11) and elevation (4OLL3, hOL1Y)
tracking circuits and ‘the corresgonding magnatic amplifiers. The flat mirror
of the azimuth and eldvation antenna is shifted in such a way that the error
signal strives towardd zero. The absence of an error signal indicates an
absence of modulation:and in this case the target liss In the equisignal
direction of the beam?

In the course of ézimuth'and elevation tracking of the target the flat
mirror of the antenna will rotate automatically (track) following the target;
i.e., the turning of the flat mlrror of the antenna will coxrrespond to the
azinuth and elevation coordinates of the target. For determining ths direc-
tion of the alignment:inside each channel, for example, "left-right" in
azimuth, a comparison:is made of the rectified GON (reference voltags oscil-
lator 31G1 of the TsD3LTP unit) cascade (UJL16) voltage and the signal error
in each channel of the antenna control unit TsD-4OTK.,

The lock on and automatic tfécking of the target for range and dirzction
is indicated on the indicator screen by the appearance of "floating spot”
(bird) type sweeps, the shifting of the center of which will indicate the
azimuth and elevation-of the target, the distance to the range marker from
the center marker being the distance to the target. The darken=d parts on
the wings of the "bird" indicate the permissible zone for leaunching the
missiles.

The range sweep and intensity pulse formation circuit is used for the
formation of the "bird." The LOL3 intensity multivibrator in this mede
is triggered by a synchronizing pulse (tg) from the TsD-25TK unit. The
range sweep circuit in the aiming mode consists of: a trigger and paraghasc
amplifier (LBL5, 1/2 UGLT), positive and negative sawtooth voltage oscillators
(4613, 4619), and sawtooth voltage wscillator 46L10. A synchronizing pulse
from tha TsD-25TK unit starts the range sweep mode.

The Dpin (46LLL) and Dpuy (U6L15) phantastrons are used for obtaining
darkened areas on the wings of the "bird" -- the permissible firing zone.
Th= duration of the pulses ganeratOJ by the Dpgx phantastron determines the
voltage Upax, formed by the Upay and Umin shaping circuits (1/2 37L12,

1/2 37120, 37121, 37L22, 3712ﬁ 37125) ia the TsD-37 unit. The duration of
pulses generated by_3h° Dpin phantastron is constant.

29 :
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The Upsy: volteg? depends on the closing speed with the target and the
altitude of the pursuing airplane; the Umin voltage depends on the closing
speed with the vargeb. .

pulses from the Dgax 804 Dnin phantastrons ere mixed in the L6116 mixer,
apd as a result a firing zone pulse is formed at the mixer output. The
firing zone oulse is pixed with the intensity pulse and on the wings of the
fpirds" a darkening appears, the magnitude and location of which depends on
the closing speed with the targeb. and the altitude of the flight..

When closing with the target, the dangerous closing range circuit 37123,
37127, 1/2 371206 of unit pD37, at the distance Doo.sb. (dangerous closing
range) enits 8 signal and the signal "0" ("Otvorot" - break off) on thz
TsD-34TPM indicator lights up. the break off range depends on the Upin
voltage, i.e. On the closing spesd.

The brightness and permanence of the image of the "pird" on the indicator
screen in the aiming mode ensures & pright "bird! image in day and night
flight conditions and an absence of persistence &s the "bird" shifts across
the screen. The image erase mode is changed automatically quring the aiming
mode by & change 10 the frequency of the erasing pulses from the blocking
oscillator 1/2 34L2. :

Movement of: the "bird" in azimuth and elevation is done by ihe azimuthal
gueen (46DLL, 46p15) and elevation (45D12, 46DL3) circults. Voltages pro- -
portional to the deviation of the £1at antenna mirror, are fed into the
sweep clrcuit from the azimuth selsyn 315n3 and the elevation selsyn 31Snl
of the TsD-31TP unit. '

In the aiming mode, the appearance of the target in the permissible
firing zone is the signal for firing the missiles, which is done by pressing
the "Pusk" (fire) outton on the control stick.

The pllot 1aunch%s the missiles after obtaining an audible signal through
his helmet phone which indicates target lock-on by the missile homing heads.

3. Locked On Beam ¥ode (Rezhin "Zakreplenhoga Lucha™)

|
In conditions of optical visibility with nolses nindering aiming by means
of the indicator scxcen the set is switched to the "locked-on bean" mode DY
setting the tumbler swwitch " pomexa-Soprov ¢ -Zaky . Lueh" (noise-tracking-lockedu
on beam) on the~TsD+HIULPM panel in the nigkr. Luch” position.
‘ |

o2 |
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In this mode the sct operates similarly to the aiming mode with the
exception of the antenna control channel which does not track the target
in angular coordinates. In this (as well as in the aiming mode) the system
for the stabilization of the antenna for tilt and the antenna control channel
fixes the flat antenna pirror at zero azimuth and plus 45' elevation.

4, Scanning and Aiming:Mude in the Case of Smooth Noise Interfereace

The set permits aimlng in the case of a source of smoothad noise inter-
ference. Signals and noises from the TsD-33 receiver output ars fed through
the 1/2 33123 cathode follower along coaxial cable F15 into the TsD-20TK unit
indicating noise interference.

The appearance of smooth nolse interference in the scanning mode is
perceived by the set in the form of an increase in noise in the wide gate
and in the ShARU gate at the receiver output. [end of page 50].

[Page 51 of the Russian text missing]
[beginning pege 521

... noise (see Fig %)

Noises in the ShARU wide gate travel also from the receiver output into
the circuit which forms the artificial target (26L10, 25L11) in the TsD-26TK
unit. The artificial target pulse passing through the TsD-25TK unit enters
the cireult which forms the "Verkh-Niz" mark of the TsD35 unit and then
enters the indicator.

The indication of the artificial target for = distance of 8 through 12
kilometers is formed on the indicator sereen independent of the distance
of the source of the noise interference. The pilot, using the "Verkh-Niz"
marks, moves the airplane in elevation and in azimuth, aligns the center
of the marks with the zero azimuth mark, and presses the "zakhvat" button
whereupon the set automatically goes to the aiming wode for the case of noise
interference. :

2 command is given simulteneously in the TsD-4OTK antenna control unit
for ipcreasing the amplificetion of the asutomatic poise tracking channecl for
preserving the previous modulated characteristics; in the TsD-33 unit, the
auxiliary capacitance of the filter in the automatic amplification control
circuit for preserving the fixed transfer characteristic, is cut out.

.30
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i
In the smooth nois=!interference mode information on the present range
to the noise interference source is absent.

The set automatically goes to the target scan mode with the cessation
of the noise interference.

5. Monitoring Vode

The monitoring mode is intended for rapid autometic checkout of rader
operability.

The monitoring system checks ihe functioning of:
synchronizing channel,
radar channel,
range channel and passive nolse suppressor,
break-off-attack system,
antenna control chqgnel,

6. indication chanﬁel,

T. smooth interference channel.

Station checkout‘using the monitoring system 1s done visually by means
of the indicator screen and the "0" (break off) and "P" (noise) signal
lights located on the front of the 1lndicator panel.

The time consunmed 1ﬁ checking out the set by means of the buillt-in
monitoring mode 1s not more than 15 seconds.

Evaluation of the operation of the set in the monitoring mode 1s made
by mzans of three autoWQtically alternating monitoring stages. Each stage
has 1t§ own corresponding imags on the indicator screen (see Fig Ta, b, ¢,
d)o

For changing over the set into the monitoring mode it is nzcessary to
move the "Pomekha-Soprav.-Zekr. fuch" toggle switch of the TsD-4LUTPM panel
fully into the "Soprov." positiop, and the "Izluch.-Ekvival,-Kontrol'" toggle
switch into the "Kontral'" position. In addition, the small lamp on the
TsD-41UTP}M panel for mdnitoring high voltage on emission must be out if the
set operated on emissioniup to the "Kontrol'" mode ({.e., in the monitoridg
mode the stetion was eutomatically switched over into the "Skvivalent"

operating moia), |

P

|
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The following picture is observed in the first monitoring stage (Fig Ta):

- the "P" ("Pomskha") lamp on the indicator burns at half intensity
indicating the monitoring mode is switched on; '

- the_target indication appears along the entire azimuth in the scan
with the elevation marks;

- the "P" ("Pomekha") signal lamp goes out which indicates the normal
operation of the channz2l for stabilizing the antenna for tilt and the termina-
tion of the first monitoring stage.

In setting the "Pomekha - Soprov. - Zakr. Luch" toggle switch in the
"Zakr. Luch™ position, target lock-on in the first stage must not oceur since
the oparating mode of the station in the presance of passive noise is icitated
on this stage.

In addition, on the indicator scrzen a "bird" appears in the centar of
the range marks on the screen shifting from the edge of the sweep to the
range lines and bounces from the range lines to the edge of the swezp (see
Fig 7b). The first wonitoring sbage lasts for the time it takes the antenna
to finish its tilt to the right until its cutolf, after which the commani
for beginning the s=cond monitoring stage is given.

Thus, or the first monitoring stage we evaluate: the approximates
sensitivity of the set; the operation of the antenna control channel (the
scanning mode and the stabilization of the antenna in tilt), thes shielding
from passive noises (sezlection according to speed) with the "Ponekha -
Soprov. - Zakr. Luch" toggle switch set in the "Zakr. Inch" position and
the approximate adjustment of the indicator in the scanning mode.

In the second monitoring stage (Fig Tc) the "P" ("Pomekha") lamp burns
at helf intensity indicating ths return of the antenna to 1ts original
position of tilt, corresponding to the moment the "Kontrol'" toggle switch
is switched on. :

The set enters the DU mode automatically, lock-on of the targat occurs,
a "bird" appears in the center of the indicator screen with the firing zones
and the range marks, shifting "Vpravo-Vverkh" ("right-up") corresponding to
the motion of thz antenna up to the terminal switches.

3z
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The "0" lamp lights up signalling the opzration of the dangsrous-closing-
range circult,

The second monitoring stage evaluates the functioning of the antenna
eontrol channel in the DU and automatic tracking modzs, the range finder with
the dangerous-closing-range circuit and the approximate adjustment, of the
indicator scales in the aiming mode.

With the tripggering of the "Pravo-Vverkh" microswitch the command for
eutomatic switchover into the third mondtoring stage is given.

In the third monitoring stage (Fig 7d) the set enters the "zakreplannyy
luch” mode, as & result of which in the center of the scresn & "bird" appears
with the range narkers, completing the search.

The "P" lamp burns at full intensity monltoring the circuit indlcating-
smoothed noise interfersrnce.

The "0" lamp goes out ab the onset of the third stage. Thus, in the
third monitoring stage we evaluate the functioning of the antenna control
channzl and ths rangefinder in the "zakreplennyy luch" mode. When the
"Kortrol'" switch is switched off, the set returns to the scanning mode.

Sanitized Copy Approved for Release 2011/03/31 : CIA-RDP82-00038R001800190001-3
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Chapter Taree

DESCRIPIION O UNIT INTERRELATIONS

The radar consists of a nuwber of interconnected channels and ep-
paratus.

The main units are:

l. Synchronizing channel

2. Radar channel ‘ :
3+ Suppression channel for reguler (ground clutter) and random noiscs
k. Channel for renge and supprassion of passive ECM
5. PFire-control and break-off computer

6. Antenna control channel

T. Indicator channel

8. Smooth noise interference channel

9. Coupling channel with firing circuits
10. Coupling channel with altitude unit VDTs-30
11. Radar control channcl
l2. Radar menitoring chennel
13. Reder pover supply.

fnterrelaﬁion of channels is shown on the radar block diagram(book,
Flg §

Section 1. Synchronizing Channel

The synchronizing channel generates synchronizingz pulses which co-
ordinate in time the functioning of the radar channels.

Synchronizing channel components arc located in the following units
of the radar:

&) in the synchronizing and noise suppression unit T&D-25 TK, which
synchronizes the performance of the whole radar set;

b) in the sync-pulse and "Pop-Botton" markers forming wnit TSD-36,
which forms trigpering pulses for trensmitter and recelver modulator;

¢) in receiver TSD-33; which ensures gating of the rveceiver's am-
plifier; ‘

'd) 1in sweep unit TSD -LS, which fomms sweep voltage;

39
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e) 1in transceiver TsD-32 TK, vhich forms the radar pulses;

£) 1in the noise inmterference indication wnit TsD-2€ TK, which forms
pulses for switching the receiver to "noise" mode;

g) in Juaction box Tsp-L2, which ensures proper switching of elec-
tric clrcuits.

1. Forming of Sync-Pulses

Radar synearonization is ensured by the strict sequence of triggering
pulses. Pulse repetition rate in the scan mode 1s determined by the para-
meters of ultrasonic delay line (UzL2) and is equal to T9. Maonitude of
the UZLZ delay ccpends on 1ts designation. Pulse repetition rate in aim~
ing mode 1s determined by the pavameters of master blocking oscillator 25
L1l and is equal to T19.

2. Trigger-Pulse Forming for Transmitior and Receiver Modwlator

To suppress second-trace echo noise originating from the reflection
of main pulses [ron distant targets and ednmitted to the recelver during
the second period of riudar operction, wobbulabion (time modulation) of
transaitter tri.cr pulses is used. To the woubwlator input is fed sync-
pulse tg from sync-pulse blocking-oscillator (right hall” of tubc 25L11),
which can vass thirough any of the two circuits: either by-passing tie
delay line or passing through the vobbuwlator delay line (25Lz~T to 25La-
9). Switching of the delay line is achieved by cutting-olff diode D15
with the nezative gzradient of a special switching pulse, Wobbulator-
oubput pulses trigzer the blocking-oscillator of wobbulated pulses 25112,
which are used to trigger blocking-oscillator I @uWJLLI) of wit TeD-36
and then to trigzer blocking-oscillator I (36L2) and blociins-oscillator
IIT (1/2 36Lk).

When the "Zaknvat" (lock on) button on the control hzndle is pressed
or when the operatin;-mode selector svitcn on the control panel TsD-41
Uik 1s set in "Zehr luch" (locked-on beam) position, reley DU (4215-1
operates, opens contacts L and 3 and thus disconnccts plate supply of
4250 v stab. froa trisger 2519 (wobbulator and devobbulator switeh). At
this tlme triszer-pulse wobbulation is discontinued .

Pulses of blocking-oscillator ITI 33Lh are used to trijcer trans-
mitter TsD-3&TK.

Pulses delayed by delay line 3€L2-1,5,0 are fed throush cathode fol-

Jower II (ricat half 36L3) to trigger the nultivibrator receiver modwla-
tor cixenit (33110, left half of 33L11). The recelver modulator senerates

40
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pulse duration Tsh.s.(sh.s. - wide gete). In the scan mode the positive
pulses from the receiver modulator are fed to the first two stages of the
I-F amplifier 33L1, 33L2 of the TsD-33 wnit and switchi. on the receiver
after transmlssion of a radar pulse for Jjust the period neaded [or recep-
tion of reflected signals from maximuwn range.

In the aiming mode from unit TsD-37 to recelver wodulator is fed a
narrovw gate pwlse which coincides with the target pulse, so that the modu-
lator turns on tne receiver only for the period of targzet-pulse reception.

3. Forming the ShiRU (Automatic Cain Stanilizetion)Gate
a) In Scanning end Aiming Modes With Reflected Signals

A sync-pulse from the blocking-osclllator (right half 25L13) load
triggers the delay phantastron (25L7; left half 25L3.) Faantestron pulse
duration is varied (uvobbulated) in the range of 25 to 75 microsec with
fmmmmyofpwm'wmﬂvauQefrmém)M)%Ocm.

Blocking-oscillator of the ShARU gate (right half L3) is teigsered
by the differentlated pulse corresponding to the trailing edje of the
phantastron pulsc.

Pulse gate of the ShARU is fed to a receiver modulator (33L10; left
half 33L11) in unit TsD-33 and to ShARHU rate limiter (left halfl 2{12) in
unit TsD-20TK.  Recelver modulator turns o1 receiver I-F amplifier for
operation of the AGC circuit of the receiver with respect to set noises.

- Wobbulation of the SLARU trigger pulse obviates-the possibllity ol’gain
regulation in receiver TsD-33 for signals reflected from disbtant targets
arriving at the instant of ShARU operation, thus preventing any reduc-
tion in receiver amplification. :

To the winding of relay 25R1 in DU is fed $27 volts, which operates
the relay and increases pulse duration of the ShARU phantastron (25173
left half 25L3). In this mode of operation the blocking-oseillator pulse
period 1s 1/TL9 and the ShARU gate pulse ig formed for each cycle.

b) In the "pomekha" (noise) mode

In the "noise" mode & synchronizing pulse is fed to unit TsD-20TK
to trigger the delay phantastron (26L6, right half 20L7). A dliferen-
tiated pulse, corresponding to the trailing edge of the phantastron pul-
se triggers the ShARU wide-gate blocking-oscillator (26L9).

A ShARU wide-gate pulse ig fed throuzh a cathode follower (left
half 26L7) and throush closed (in "moise" mode ) contects 6 and 7 of
i
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relay “2R20 to the recelver modulator (33L10; left helf 33L11), as well
as to the gate limiter (left half 2612) of the TsD-26TK unit.

In this mode only the ShARU vide-gate pulse is fed to the recelver
modulator, .walch twrns-on the receiver for reception of noise interferen-
ce.

Section 2. Radar Channel
The radar channel performs the following functions:
a) generation and radiation of radio-frequency power pulses;

b) recepbion and conversion of signals reflected from the target
and reception ol emooth noise interflerence;

¢) switcies radio-frequency pover froum antenna to antenna equiva-
lent on proper commandj

) d) forms the directivity psttern, radiates and receives radio-fre-
quency Cnersys

e) fecds target video pulses and smoobth nolse inberference into in-
dicator channels in the scan mode, and to the range channel and to the
antenaa control channel in the aiming mode.

Components of the radar channel are located in the following units:

" a) in the sync-pulsc and "Pop-Botton" markers forming unit TsD-36
which forms the transmitter trigger pulscs;

b) in transceiver unit TsD-32TK, which generates radio-Llrequency
pulses and converts radio-frequency pulsas reflected from the target in-
to I-F signals;

¢) in the TsD-29TP unit, which switches radlo-frequency CNCrsy
either to antenna or to the gbsorbing load;

d) in anteana TsD-31TP which radiates and recelves radio—frequéncy
signals with a highly-directional bean;

€) in the receiver TsD-33, which amplifies the I-F signals and
converts them into video signals.

1. Radiation of the R-F Signal'

Positive-polarity pulsss from cabhode follouer 30L5 of walt TﬁD-36

- o
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with amplitude of L0 to 60 v are admitted to emplifier 32L1-1. Positive-
polarity pulses from the amplifier load are used to trigzer sudnodulator

32L1-1.

The submodwlator forms pulses of variouz duration 1n the lock-on and
scan modes,

Duration of submodulator pulses is varied by chanzing the cepecitance
of the blocking-oscillator capacitor.

RF energy is aduitted to wavesuide with an AT/R switch, which serves
to match the magnetron output with the load and prevent magnetion absorp-
tion of signals reflected from the targe.

RF energy firesrhumbatron 32L3 which protects receiver cryseals from
overload during magnetron operation. Energy from the magnetron output,
due to the presence of-a slot bridge in the AT/h svitech, distrivutes al-
most equally between upper and lever ams.

At the output of the device, the energy from the lower and upper arms
is added up since it colneides in phase, and then 1t is transuitied alon;:
the wavegulde through thne "Antenna-Bivivalent" suitch unit TsD-29TTM) to
the antenna. The antenna radietes this encryy into space in the form of
8 highly directional beam.

Decoupling of thé magnetron output with the antenna by the AT/R
switch reduces the effect of the antemns load variation (durin; rotation
of the radiator and movement of the flat reflector) on frequency fluctua-
tion of the magnetrod, This facilitates operating conditions of the APChK
circult and, tncruxore, reduces error durlny angular tracking of the tar-
get.

After completion of the redar pulsc trensmis sion, the gas-

tube stops firing end opens access to the mixer for siznals re;lCCued
from the target.

Thus the AT/R switch and gas-discharge tube permit use of a single
entenne for both transmission end reception.

The radar antenna consists of two parabolic dishes having provi-

slon for polarization rotation. An antennd of -this desizn makes it pos-
sible to:

1) maintain steady amplification facﬁor even at large anzle of an-
tenna dish rotation; ‘

o
I




Sanitized Copy Approved for Release 2011/03/31 : CIA-RDP82-00038R001800190001-3

50X1-HUM

2) increase the rate of space scanning by increasins the ang le of
anténna beam deflection as compared with the angle of antenna dish de-
flection;

3) to form a highly directional antenna radiastion pattezn with re-
latively few side lobes.

To reduce the scan time and to reduce time. for radar switching from
scan mode to firing mode, space scanning is carried out with a scanning
bean.

Redio-frequency energy 1s admitted with the ald of unit TsD-2 29TPM
to antenna or to artenna equivalent in compliance with commands received
from the control panel TsD-LLUTPH of the radar.

Unit TsD-29TPM consists of the following components:

-wavegulde switch with electromagnetic drive;
-antenna equivalent;

~ddrectional coupler;

-flexible vavezuide.

The wavejuide switeh with electroma nctic drive consists of an elec-
tromagnet whose shaft 1s coupled to thne rotor of the wavezulde u.iltch.
The rotor of the wavezulde suiteh is in the form of an elbow (00 ) wave-
guide section.’ In compliance with a given cod mand, the rotor of the
waveguide switch effects coupling of the mein transmitter wave: suilde with
either the antenna vaveguide or with the antenna-equivalent vaveguide.

The command for switching to antemna equivelent is actuated by 427y
voltage from the aircraft network tiroush unit TsD-li2.

The command for switchinr-on of the auﬁenna 1s actuated by 427 vol-
tage from the control panel TsD-L1UTPM, This comaand (when tozzle switch
"Izluch. - Ekvival." "Radiation - Equivalent” of unit TsD-L1UIPH is set
in position "Izluch") can be given only after the radar has been connect-
ed for operation. Thus, when the radar is\konnecteu for opelaulou, the
unit TsD-29TPM is automatically switched to' position "Ekvivelent"

Unit TsD-29TPH has provision for blocking, which excludes %he pos-
6ibility of suitching-on the transmitter hish-voltage at intemsediate
positions of the waveguide switch rotor.

The antenna equivalent (absorbinz load) function is to absorb radio-
frequency enerzy and it consists of a wavezuide with vwedges of absorbing
material placed alon; its walls.

44
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Sizes and shapes of these wedzes selected with a viev to matching
the characteristic impedance of the antenna equivalent with thet of the
waveguide, as well as for wnifrom dlstribution of power alonz the wave-
gulde of the entenna equivalent.

The directlonal coupler is in the foim of two mutually perpendicu-
lar, coupled vaveguides whlch are electrically comnected to each obher
by two slots. The use of two slots provides an attenuvation ol about 30
db., The flexible wavegulde connects unit TsD-29TPH with transmitter
TsD-32TK which is mdunted on the radar [rome with shock absorbers.

The directional coupler serves to comnect radar monitoriny instru-
ment RIP-1 (GK4-10).

2. Reéeption ol Signal Reflected From the Target and Smooth Nolse In-
terference

The signal reflected from & terget is intercepted by the antenna
through the vavejuide track, the AT/R switch of the transmitter and
then passes to crystal detectors 32DL and 32D2 of the balanced mixer.
C¥ from the klystron local oscillator are fed to the mixer.

As a result of mixing of radilo-frequency energy reflected {rom the
target with radio-frequency energy from the klystron local-oscilletor,
I-F signals are formed at the crystals vhich are fed to the input of
the I-F preamplifier.

The I-F signals after amplification in the preamplifier are fed
through coaxlal cable F1 to the input of the mein I-F amplifier locat-
ed in unit TsD-33. |

For protectioniof the receiver from various external noises the
UPCh (I-F amplifier) operates only during the gating pulses gencrabed

by the receiver nodulator.
|

Reception moduiation is carried out in the first two stages of the
UPCh (I-F amplifier). Depending on the radar mode of operation the am-
plifier stages conduct only:

a. duriny thejperiod of wide gate and ShARU gate when operating
in scan mode; ) ' ‘

b. during the .period of narrov gate and ShARU when operating in
aiming mode; | |

. | i
c. during the|period of ShARU wide gabe when scanin: and aiming
for snooth noise interference.

|
|
|
|
FT
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Therefore, the nolses and signals vill appear at the receiver out-
put only during the indicated gates. ’

3. Recelver QOperation in the Scan Mode.

In thé scan mode the receiver conducts nolses and signals dwring the
wide gate Ty and SIARU gate, which are formed by the receiver nodwlator
consisting of multivibrator-selector IL10 and & buffer stage using the
left half of L1l. ) i .

During the generation of wide gate, the stage using tube L1O performs
as a driven multivibrator which is triggerced by a 30 to L5-v pulse from
unit TsD-36. During operation with ShARU gates the tube L10 functions as
a limiter of ShARU gates, which are admitted to its input through & buf-
fer amplifier using the left half of L1l, from unit TsD-25TK through con-
tacts 8 And 7 of relay 42P20 of unit TsD-h2.

.Since the amplification of the recelver in the scan node is deter-
mined by the level of noise in the ShARU gete, provisions arc nade to en-
sure some noige immunity of the ShARU circuit.

For protection from ground pulses the ShARU gate is wobbwlated by
475 microsec, vhich somewhat lowers the probability of entry of ground
pulses into the ShARU gate. Protection of the ShARU ciyewlt from pulse
noi;es is achicved with the aid of & pulse-noise limiter (left nalf of
L15).

To prevent possible overloads of the receiver from tranmitter pul-
ses, triggering of the multivibrator-selector is delayed with respect to
the transmitter triggering pulses, while the fifth staze of the I-F em-
plifier is cut ol by positive pulse at the cathode.

L. Operation of the Receiver in the Aiming Mode

In the target-aiming mode, trigsering of the multivibrator-selector
by pulses from wnit TsD-36 is discontinued, whlle narrow gate from ranze
unit TsD-37 is fed to it. Prior to lock-on of the target by the range
unit, the narrou zate moves with respect to range from Pa.p. (bezinning
of search) to Dx.p. (end of Ssarch).

After tarzes lock-on, the narrow gate coincides in time with the
target position. '

Thus during the aiming mode the receiver operates twice: during
the ShARU gate and during the narrow gate which range tracis the target.

4l
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To improve noise immunity of the anvenna control channel during tar-
get automatic tracking, the receiver outpul to unit TsD-UOTK is selected
by the range gcate which is admitted from unit TsD-37 througzn contacts 3
and % of relay %2R21 of wnit TsD-42.

5. Recelver QOperation With Smooth Noise Interference

When the radar is operating in the target scan mode, the appearance
of smooth noisc interference siiows up in the form of increascd amplitude
of noises at the recelver output during the wide pate and ShARU zate.

The ShARU circuit does not fully climinate increase in noise (due
to the action of the pulse nolse limiter). The rise of noise pyh_v in-
dicates the presence of smooth noilse interference(the "pomekha" lamp be-
gins to glow on unit TsD~3hTPM.) Presenvation of sinooth nolse inbterfer-
ence occurs in unlt TsD-250K, to which nolses and signals are adnitted
from the receiver output. In the presence of smooth noise interlerence
the pllot sets the tozgle switch "Pomekha-Soprov. -Zakr.luch" (lloise -
Tracking-Locked-on -~ Beam) on unlt TsD-hLUIPH to position "Pomeinz",
thus switching the rader to smooth-noise chnrlng mode.

In this mode only‘wide ShARU gate is supplied to the receiver nod-
ulator.

6. Automatic Frequency Control of Klystron (APChX).

The APChK maintains constency of the difference between Klystron lo-
cal oscillator frequency and that of the magnetron, thus emsuring stabi-
lity of I-Fiindependently of klystron or magnetron frequency deviation.
Such stability of I-F ensures accurate reccption of signals reflected
from the target. The APCnK component is located in unit TsD-32TK,

The componcnt can operate in tvo modes:

a. "poisk chastoty (frequency search) mode
|

b. AFC mode
‘a) "Frequency Searcn” Mode

At the instabt of switching-on of the magmetron a small portion of
its energy is divertedito the APChX (32D3) converter cavity, wiere it
together with the radlo -frequency energy from the klystron locel-oscil-
lator acts upon the crystal detector. As a result of this action the
I-F i3 formed at the /detector. Since the frequency of the klystron
local- oscillator is being continuously channed by the saw tootn voltuze
admitted to the nlyuhron reflector fron tue control circuit of the APChK,

47
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the I-F also changes continuously.

The frequency canfn‘ hue_s to change wntil the I-F approaches the nomi-
nal value to which the I-F amplifier circuits are tuned.

b) AFC Mode ;

Negative voltage at the control grid of '32Lk-5 disrupts generation
of the transitron oscillator and makes it opérate as a dc amplifier. Its
plate voltage, which i proportional in magnitude and sign to I-F devia-
tion from nominal value, 1s fed throush cathode follower 32LL-6 to the
klystron reflector and changes its frequency until the I-F becomes equal
to its nominal value.

If the I-F for some reason devietes outiof the control range, then
the transitron oscillator will again begin to generate the saw tooth
voltage, i.e., the APChK circuit will retwrn to the search mode.

c) Manual Frequency Control of Klystron
When the radar operates with discomnected high voltege, the APCHK

circult perfornms the frequency search, while the noise at the receiver
output of unit TsD-33 varies with the {requency of search.

For radar operation with disconnected high voltage and with comnect-
ed ground control panel TsD-U3, provisions are made for manual frequency
control of the Xlystron. .

- When the toggle switch "RRChK - APCHK" (Klystron Manual FC - Klystron
AFC) on unit TsD-kS is set in position "RRChK" then {27 voltace is fed %o
relay 32 R4%-1 of unit TsD-32TK. Now relay 32R4-1 operates and disconnects
the input of cathode follower 32L4-6 from the trensitron oscillator. At
this time negative voltage from panel TsD-1:3, which is controlled by po-
tentlometer "Napr .RRChK" ("Voltage Manual AFC"), is Fed to cathode follo-
ver input (32L4-6). ‘

A change in this voltage also changes the negative voltasge at the
Klystron reflector, thus chanzing its frequency.

Section 3. The Sccond-Trace Echo and Rendom Pulse Nolse Suppression Circuit.

The nolse suppression channel ensures proper radar performance in
presence of reflections from ground during distaent scanning,toe random end
second-trace echo pulse noises arriving during the second period of radar
operation.

48
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Components of the noise suppression channel are located in the fol-
lowing units:

&. 1in the synchronizing and nolsc suppression wnit TsD-25TK,
b. in recelver TsD-33,

¢. in the junction box TsD-42, which provides proper switching of
the nolse suppression circuits.

1. Suppression of Pulses Reflected from Ground and Arriving Durinz The
First Cycle of Redar Operation.

Due to the great reflecting surface, the pulse reflected from the
ground and recceived by radar during the first cycle of operaticn hos a
considerable duration. ' Suppression of such ground pulses is achieved
by & gating circuit which selects on the bagis of pulse duration. Tiis
circuit consists of::

a) limiter (left_half 25L3),

b) delay line 25L2-k,

¢) delay line 25LZ-5, 25LZ-10 end video emplifier (right half 25L3,)
d) pulse-vidth discriminator 25L1k.

Video pulse from target and pulses reflected from ground ere fed
from receiver TsD-33 output through nigh-frequency cable F5 to unit TsD-
257K, ' Limiter (left half 25L3) serves as an input in unit TsD-25TX,
while the delay line LZ-l, shorted at the end, serves as a load to the
limiter.

At the output of this delay line appgar two pulses of equal dura-
tion, but oppocite in polarity and delayed pith respect to eacih other.
The magnitude of such & delay is determined by the pulse duration at
the limiter input.

The positive pulse of the two is admitied directly to the pulse-
width discriminator circuit 25L1k, while thp negative pulse is delayed
in delay line LZ-5 and LZ-10 and then is adnitted to the video emplifier
(right balf 25L3). Positive pulse from the video amplifier output is
also admitted to the pulse-width diseriminator. The pulse-width dis-
criminatoriwill permit passage of signels oply if pulses from the limiter
output (left half 25L3) and from the video amplifier (right half 25L3)
coincide at its inp%t.

i
!
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Thus the pulses reflected from the ground and axriving dwring the
first cycle of redar operation will not pass through the pulse discrinmi-
pator circult to unit TsD-25TK due 4o their greater width. (duration).

o, Radar Protection From Random Pulse Noise

Protection from random pulse noise is achieved by a special suppres-
sor clrcuit in unit TsD-25TK, which congicts of:

a) a coincidence circuit 25L5 vhich passes video signals only in
case of coincidence of non-delayed and delayed pulses, the latter delayed
by the repetition period of the target video signals;

b) a delay circuit which provides video-pulse delay for a period
(cycle) of radar repetition;

¢) integrating circuit which amplifies signal amplitude.

The rendom pulse nolsesz, the period of repetition of which differs
from the radar pulsc repetition rate, will not coincide in time on the
grids of the coincidence stage and therelore will not be adaitied to the
output of the unit. Probability of coincidence of ranuom pulses is low
due to tneir irrcgular appearance.

3. Suppression of Ground Clutter Arriving During the Second Period of
Radar Operatlon

Unit TsD-25TK has provision for suppression of ground clutter hav-
ing the repetition period of the radar 1/TS psec and arriving during
the second cycle of radar operation. Due to preat reflecting surface of
the ground, these signals may have sufficient intensity at the yrceelver

output to forn spurious target marks on the indicator.

To protect the radar from such ground clutter noises, wobbulation
(modulation in 4ime) of radar pulses ig utilized. To engure Lroper per-
formance of the suppregsion systen dueinz the first period (cycle} of
rader operation, dewobbulation of signals reflected from the targset is
used.

\F. Suppression of Yoises Arriving During the Time of Recelver Operation
Actuated by Pulses From ShARU '

To prevent Laosage of pulse nolses or pulses reflected froa distant
targets, et the receiver output, during the period of its operation by
ShARY pulses, the SnARU pulses are wobbwlabed (modulation of pulsc repe-
tition period).

50
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Wobbulated ShaARU pulses are formed in unit TsD-25TK by a circult con-
sisting of:
a) delay phantastron 25L7 end left half 25L5;

b) blocking-oscillator of ShARU pulses (risht half 2513);

¢) cathode follower left half 25L13.

The syac vulses from the blockinj-ozeillator output (rizht hzlf 25L-
13) trigzer the delay phantastron 25L7, uhich forms pulses in the scan
and aimiay modes. Chenge in the duration of phantastron pulses is achie-
ved by switching countacts 3, L and 5 of relay 25RL. The blociing-oscil-
lator of SnARU pwlses (right half 25L5). is triggered by the dilferentiatad
trailing edgse of the phantastron pulse.

In addition, the receiver is protected from random nolses by a pulsc-
noige limiter (left helf 33L15) walch, in the "nolse" mode is disconnect-
ed by relay 3332. To prevent upsetting of synchronization in unit TeD-

25TK by pulse noises arriving in the zone ol ShARU noises, the SMIU pul -
ses from the blockins-oseillator (right hall 2513) output are fed to pulse-
width discriminatcr 25L14% and block it for the period of SWRU operation.

Thus tuening on of the receiver and gating of the ShARU circult by
vobbulated pulses ensures suppression of noises in the SnARU ate.

In addition to wobbulation of ShARU pulses, there is provision for
detuning of the klystron oscillator of unit TsD-320U for the period of
ShARU action.

5. Protection of AGC System of Receiver I-F Amplifier From Randon and
Irregular Noises

Noise imaunity of the AGC system of the receiver I-F anplifier is
achieved by time discriminutor and balenced detector.

Two coincidence stages(33L17 and 33L13) ave used as the time dis-
criminator.

When present, the noise will coincide with the first or second gates
of the AGC in the coincidence stages. The generated pulse signals are
detected by the diodes of the difference detector 33L16 and are cubtract-
ed on the common load. Therefore the resulting voltage is almost zero,
so that the noise elfect on target-pulse snplification in the receiver
igs insignificant.

The AGC system of the recelver I-T aiplifier operates oy durdng
N < 1
the traczinyg mode. ‘

.

I Sanitized Copy Approved for Release 2011/03/31 : CI-RDP82-00038R001000001-3




i Sanitized Copy Approved for Release 2011/03/31 : CIA-RDP82-00038R001800190001-3 |

6. Protection of Antemna Control Channel From Noize

To enswre noise: immunity of the antenna control channel during auto-
matic target tracking in unit TsD-33, range gating for tarzet signals is
used on unit TsD-LOTK, in addition %o narrov-gate discrimination in the
recelver. At the colncldence of the ranze gate with the target, pulses
from the coincidence stage output are taken in this gate and are fed
through video amplifier and cathode follower 33L21 to the antenna conbtrol
unit TsD-LOTK.

Section k. The Rengé and Passive ECM Suppression Channel

This channzl performs the following functions:

a) supplies the receiver TsD-33 with narrow gete;

b) perfoms autometic search and selection of locked-on targset on
the basls of rate of closing with it, while in target delay range fronm
Tx.p. to Tk.s.

¢) lockin:-on and automatic range tracking of target in the dclay
range of Ti.p,to Ti.s..

d) protects the range measuring part of the channel from the effect
of passive noige ceused by dipole chafl dropped by the target aircralt;

e) automatically determines the present range to target duwcing tar-
get tracking;

’ ) 0] mn ! > v
f) supplies range pulses with amplitude of 3013 v for seting the
antenna control channel input and for forming of the range markers in the
indicator; .

g) supplies "gate ARU-1" and "gate ARU-2" (pulses with ecmplitude of
60 to 100 v) to the protection circuit of the AGC of the receiver.

The elementc of the chamel arc located in the followin: waits of the
radar:

in the renze unit TsD-37,

in the synchronizetion and suppression unit TsD-25TK,
in the receiver unit TsD-33,

in the sveep unit TsD-43,

in the indicator unit TsD-34TPM,

in the DV3 instrument.

Blestricel cormestion of wrlts is achieved throush wnit Ten-ho.

50X 1-HUM}
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The whole chennel consists of:
a) autouatic tracking system;
b) lock-on automatic device,

¢) circuit for protection of ranze meter from the action of passive
noise.

The principal circult nere is the automatic tracking systea, which
conducts automatic search and autometic ranze tracking of the target. The
other two systens are stbsidiary to the {irst one, and each one perforas
its specific function.
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1. The Automatic Tracking System

The automatic tracking system begins its search for the range to
the target after the button marked '"Zakhvat" (lock-on) on the aircraft's
control stick 'has been pressed. At this moment control stage 37L13
(right half of tube 37L12), whose screen grid was previously blocked,
switches to an oscillating mode, representing a transitron os~illator,
and genrerates a linearly dropping voltage (“slow saw-tooth"),

The linedrly dropping saw-tooth voltage jpasses from the contrel
stage through |a distributing diode (half of L20) to a comparator (left
half of 37L3) where it is compared with the linearly- dropplng saw-
tooth voltage ("fast say~tooth”) of phantastron 37L1 (left half of
37L2). The phantastyon is triggered by pulses from wnit TsD-25TK and
generates a linearly dropping saw-tooth voltage having a duration of
[numbers missing}. The comparator is based on the left half of tube
37L3 and establishes the moment of equality of the absolute values of

®voltages from the phantastron and the control 'stage; at this moment the
comparator gencrates a negative pulse which triggers the gate blocking
oscillator (left half of 37L4, 37LS). The narrow-gate blocking oscilla-
tor shapes a pulse which gates the receiver in the DU and aiming modes,
This same pulse triggers the half-gate blocking oscillator (right half
of 37L4, left half of 37L6) which is used to shape the "range gate"
pulses. One pair of half-gate pulscs passes to the coincidence stages
of the tracking system (tubes 37L7, 37L8), and the other pair passes
‘to the coincidence stagés of the automatic lock-on system (tubes 37L14,
37L15). When target video pulses appear and coincide with the half-
gate pulses, the tracking system switches to the target tracking node.

- If target pulses afe absent, automatic scarch takes place,
[

In order ito produce a visual display of range to the target, the
range and passive-ECM protection channel generates a range pulse taken
fron the load jof a cathode follower (half of 37L26)., Then the range
pulse is shaped by the indicator into a range marker located on the
artificial target displdy (the "bird"),

2. The Automatic Lock-On Device

The automatic lock-on device records the moment of target lock-on
and transition of the automatic tracking system from the search rode
to the automatic tracking mode.

The automatic lock-on device of the range and passive-ECM protec-
tion channel consists of:

a) coincidence stage I (37L14), coincidence stage II (37L15),
difference detector 57L16, and discriminator;
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b) amplifier (half of 37L17);
c) electromechanical relay Rl, R2 (37L10).

Current passing through relays Rl and R2 causes the relays to
trigger and converts the set from the scanning node to the aiming mode,
as a result of which:

a) voltage from the search direction commutator is cut off from
the cathode follower of the tracking system discriminator in the range
and passive-ECM protection channel;

b) the "menmory" (capacitor) element is connected to the detector
of the tracking system discriminator, providing storage of the closing
speed with the target during automatic tracking;

¢) connects the capacitor to the tube grid of the electromechanical
relay in the automatic lock-on device, delaying release of the automatic

lock=on device in the event that the target signal disappears;

d) connects the windings of doubling relays 42R6 and 42R6-1 to
ground;

e) energizes the circuit which signals dangerous closing range;

f) connects range voltage to the U .. and U ax voltage-shaping
circuit; - n

g) disconnects the search limiter;

h) ' disconnects power supply from the search shift stage of the
passive~ECM protection circuit,

3. Circuit for Protecting the Radar Agalnst the Action of Passive Inter-
ference (Passive-ECM) ;

The follow1ng stages provide protect1o1 of the radar against the
action of passive-LECM:

a) coincidence pulse anplifier of coincidence stage II of the
tracklng systen discriminator (left half of 371L11)

b)  speed selector (left half of 37L1$)
\

c) blocking stage of the automatic lock-on device (right half of

d) s‘,earch sh:.ft stage (left half of 37L19),
|
|
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¢) multivibrator R5 (37129, 37L30)5
f) stage for disconnecting search shift (right half of L18).

When the target aircraft switches on its device for creating passive
interference, bundles of dipole reflectors are ejected from the aircraft
into the rear hemisphere and disperse once they have separated from the
aircraft, The main pulse from the radar transmitter is reflected from
these bundles of dipole reflectors. Thus, these pulses reach the xe-
ceivex input along with the pulses reflected from the target. Depend-
ing upon the rate of ejection of the dipo’es fyom the aircraft, the
noise may have the character of either discrete pulses or a vchaff cloud”,

The effect of passive-ECH on an wprotected radar set reduces to
the situation where, as the interceptor approaches the chaff-dispersing
aircraft, the active zone of the intercept radar first "sces" the noise
pulses, which are closer to the interceptor than the target pulscs and
cause triggering of the autonatic range lock-on device. The radar begins
to track the noisc pulse while the target is lost and use of the radar

becones impossible.

If the target aircraft is being tracked and it begins to cject
bundles of dipole reflectors, then as a result of the fact that the
reflectors disperse immediately after scparation from the aircraft and,
consequently, the target pulse and the noise pulse which has just se-
parated fron thc target are indistinguishable with respect to their
Tange, the automatic tracking system "locks on" the noise pulse and is
led avay from the target toward the noise. As a result the target 1is
lost.

A circuit for protection against passive ECM nust perforn the
following functions:

1) analyze the closing specd of the locked-on pulsec; continue
the search and unlock from this pulse;

2) provide stable tracking of a target which disperscs chaff;

3) pernit range determination to a target in the presence 50 '
"chaff clouds". 0X1-HUM

1. Unlocking from the noisc pulse and continuing the search is
achieved Through the use of a speed selector (left half of tube 37L18)
which the pilot activates with the toggle switch marked "Zashchita
R-2L ot passiv. pomekh" (protection of R-2L against passive ECM).

The closing speed of the interceptor with the dipole reflectors
at the applied angles of attack is significantly greater than the
closing specd with the target and is close to the flight speed of the
interceptor.

56
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The system operates as follows: the automatic range tracking systenm
"locks on' the noise pulse and begins to track it, The negative voltage
crom the cathode follower (left half of 37L17) of the tracking systen
discriminator, representing the closing speed with the noise, passes to
the input of the speed selector. At the same time, a positive spced
voltage passes to the input of the speed selector from the air speed
data unit (DVS).

This voltage is introduced for the purposc of expanding the range
of tracking speeds, that is, as the flight spced of the interceptox in=
creases, the speed required for tracking also increases.

The total voltage closes the normally open tube of the sveed sclector
(left half of 37L18), and the voltage at the output of the selector in-
creases and unblocks the tube of the stage which blocks the automatic
lock-on device (right half of 37L19) and the tube in the search shift
stage (left half of 37L19) .

Simultaneously with blocking of the autonatic lock-on stage, the
tube of the secarch shift stage opens and triggers relay R3. The relay
then connects capacitors 37C49, 37C50, which have been charged prelin-
inarily by part of the range voltage, between the grid and the plate
of tube 37L13 in the control stage, with the positive side to the grid.
As a result, the range voltage drops sharply and the gating pulse and
half-pates "rebownd" in the direction of greatex range.

In order to facilitate ground checking of the speed selector, the
channel incorporates a DVS voltage simulator which is comnccted by the
signal "Shassi vypushcheno" (wheels down)., It is then possible to
sinulate the flight speed of the interceptor.

2. Stable tracking of a target vhich has ejected dipole reflectors
is achieved by the introduction of an imbalance inte the discriminator
of the automatic tracking system and the introduction of a balanced AGC
circuit in the receiver,

Imbalance of the discriminator is achieved by the pulse amplifier
of the second coincidence stage, the tracking system discririnator (half
of 37L11).

The presence of aidealyed gate pulse (IF amplifier gate) relative
to the target pulse leads to the situation where only a minor part of
the noise pulse passes through the receiver's! IF amplifier, which pro-
vides additional protection against passive ipterference.

'3, Search for the target under "chaff cloud" conditions is achieved

as a result qf 1n5aIanFq of the discriminatoy of the zutonatic range track-
ing system:and the use of a balanced discrimgnator at the input of the
automatic lock-on circuit. }
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Wlhen the "range gatc” coincides with the "chaff cloud,” imbalance
of the tracking system discriminator causes the "range gate" to begin
shifting toward the trailing edge of the pulse and, in this manner, the
"range gate' rmoves within the "chaff cloud." When the "range gates'
reach the trailing edge of the pulse, which corresponds to the position
of the target, the automatic lock-on triggers and begins to track the
target.

Section 5. The Fire Centrol and Break-Off Computer

tihen the fire control and break-off computer is in the automatic
range tracking mode (aiming mode} it forms on the artificial target
display -- the "bird" -- a zone of firing, and when the interceptor has
approached the target to a range of Dopt. firing and closer, it signals
the pilot of a dangerous closing range.

Components of the computer arc located in the following units of
the radar:

In range unit TsD-37;

in synchronization unit TsD-25TKj

in receiver TsD-33;

in sweep unit TsD-46;

in indicator TsD-34TPM;

in unit VTsD-30.

Electrical connections between the units are provided by unit TsD-42.

1. The Fire Control Computer

The firing range depends on the closing specd of the interceptor
with the target and the flight altitude.

The permissible firing zone is limited by two ranges -- the minimum
range D . and the maximun range D, .. The maximum firing range depends
on the C1Bsing speed of the intercép%or with the target and the flight
altitude, while the minimum firing range is constant.

The firing zone is portrayed on the artificial target display (the
"bird") by impressing the negative zone pulse, produced by mixing the
two positive square pulses of the phantastrons -~ the Dnin phantastron
and the D, . vhantastron of unit TsD-46, on the positive "bird" intensity

pulse, .
A
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The minimum and maximum limits of the firing zone are proportional
to the duration of the phantastron pulses D .. and D , respectively,
: n
The duration of the phantastron pulse Dy,., in turn, "¥s controlled by
the constant coltage U, This voltage is generated by a special

circuit located in unit %sD 37, Voltage U, is proportional to the
closing speed and the flight altitude,

Thus, the minimum limit of the firing zone produced by phantastron
pulse Dmin is constant.
The maximum linit of the firing zone produced by phantastron pulse

Dnax is proportional to voltage Umax and, consequently, is proportional

to the closing speed and flight altitude,

Voltage U,.. is the sum of thrce voltages:
a) voltage U(i), which is proportional to the flight altitude of
the interceptor;

b) the constant zero-speced voltage;
c) a voltage proportional to the closing speed.

The vuriable voltage from the altitude data unit VIsD-30, which is
proportional to the flight altitude, passes to one of the outputs of
the altitude voltage rectifier (half of 37L20).

The Dmin and Dmax pha’ntastrons of unit TsD-46 are triggered by

synchronization pulses from unit TsD-25TK and generate positive square
pulses.,

The positive pulses of the phantastxons are mixed in a mixer tube
(half of 46L16)., The plate load of the mixer prouuces a positive square
zone pulse whose leading and trailing edges: coincide in time with, res-
pectively, the tra111hﬂ edges of the D hin and D phantastr0u pulses.

This positive pulse is amplified by a vxdeo amp11f1el (half of
46L16) and its phase is shifted 180°,

i

As it passes through the cathode folloyer (half of 46L4), the positive
zone pulse 1s mixed at the common load of the mixer and the intensity
nultivibrator (46L3), and the negative zone\pulse is mixed with the posi-
tive "blrd" 1nten51ty pulsc.
1

Hence, in the presence of a zone pulseJthe "bird" is not illuminated
and dark segnents -- the "firing zone" -= are formed at the "wings'" of
the "bird,"
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2. Device for Signalling Dangerous Clesing Range

The signal indicating a dangerous closing range is dispalyed on the
"o" ("Otvorot" - break-off) display, located above the indicator screen,
when the closing interceptor reaches the danger range to the target air-
craft,

The zone of dangerous closing range, which is in the form of a
positive square pulsc, is generated by a phantastron bascd on tube
37128 in a circuit with cathode coupling., The phantastron is triggexred
by synchronization pulses from unit TsD-25TK.

The duration of the phantastxon pulse is determined by the value of
the plate voltage sct by the "Komanda" (command) potentiometer (37P198),
which is connected in the +250-volt (stab.) voltage divider network and
depends on the value of voltage U Voltage Umin is generated by the

Unin
with the target, At an altitude of 14 km the voltage at the plate of
the phantastron increases suddenly, which means that the duration of the
‘pulse generated by the phantastron also increases.

min*
and U ax voltage-shaping circuit and depends on the closing speed
n ¥

When the half-gate pulsc coincides with the phantastron pulsc, the
comparator gemeratcs a negative voltage which closcs the normally open
tube (half of 37127) of the d-c voltage amplifier. The veltage at its
plate increases and the voltage at the input of the electromechanical
relay increases from =30 volts to zero. Electromechanical relay R4
(half of 37L26) triggers and connects the +27-volt supply to the lamp
in the "Otvorot" display located above the screen of indicator TsD-
34TPM,

Section 6. The Antenna Control Channel

The antenna control channel provides for:

a) control of the antenna in the scanning mode;

b) setting the antenna in the "DU" and "Zakrcplennyy luch' modes;

¢) automatic angle tracking of a locked-on target;

d) automatic angle tracking of a source of smooth noisc interference;

e) sending voltages from the azinuth and elevation selsyns to the
indicator channel of the radar for the purpose of synchronizing the in-

dicator sweeps with the position of the radar bean in space;

f) stabilization of the tilt position of the antenna until transfer
to the aiming mode; .
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g) disengagenent of il stabilization uvon transfer 1o ihe eiming

node.

Elements of the antenna control channel are located in the folloving
units of the radar:

a) in antenna control wnit TsD-LOTK, which forms the control volt-
ages giving motion to the antemna in the azimuthel and elevation dir-
ections;

b) 4in unit TsD-37, which generates a "ground" voltege through the
"Sbros” (break off) button to automatic lock-on relays h2R6, L2R6-1 of
unit TsD-I2 after range lock-on of the target;

¢) in the megnetic amplifier erd +ilt stabilization wnit TsD-IUTP,
which emplifies and converts the signals from wnit TsD-LOTK into volteges
vhich control the operation of the azimuth and elevation motors of unit
TsD-31TP. Unit TsD-MATP also provides tilt stabilization of the antenna
and disengages tilt stabilization upon transfer to the aiming mode;

d) 'in entenna unit TsD-31TP, which provides motion of the scanning
bean and generotes volteges for entenna control unit TsD-LOTK for the
indicator channel and unit TsD-LLTP.

e) 1in receiver TsD-33, vhich provides a pated terget pulse.to en-
. tenna control unit TsD-LOIK;

1) in junction box TsD-42, which ensures cormutation of the net-
works of the antenna automatic control device;

g) in the radar control panel TsD—hJUTPH, which provides for
switching of the operating modes of the radar.

1. Space Scanning

In the scanning node the antenne control system provides for
swvinging of the flat reflector of the antenna in the azimuthel direc-
tion end for step-like changes of the reflector in elevetion.

At those moments when the flat reflector of the entenna passes
through the outermost points of the azimuthal line, the phase of the
voltage taken from selsyn 31Sn3 chenges by 180° (see Fig. 9) end, in
one half of phase detector tuoe LOL2, is in opposition to the reference
voltage dpplied to this half of the tube.| This helf of the tube opens
briefly under the influence of the positive half-wvave of the reference
voltage, ‘causing a reversal of £lip-flop MOL3 cnd e change in sign of
the current inbalance in ti2 IF amplifier (twle LOLYL).

A |
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The appearance at the input of the scarch circuit and DU (with
respect to elevation) of voltege "jumps" having one or another phase
corresponds to a juup of the antenna reflector correspondingly to the
upper or lower line, while the absence of & "jump" corresponds to
movenent of the antenna to the middle. line.

Thus, the phase of the voltage "jumps" determines the direction
of movement of the reflector with respect to elevation (upward or
dovnvard) relative to the middle line. The action of the voltage from
selsyn 31Snl returns the antenna reflector to the middle line. |

In order to protect the radar against "ground" pulses during
flights at low altitudes, the bottom line is deactivated. Voltage
"Jurps" with a deactivated bottom line are shown in Fig. 10.

The trajectory of the beom will be es shovm in IFig. 1l.

The pilot may deactivate the botvom line by placing the toggle

suiteh marked "Zashehita R-2L ot zemli" (protcction of R-21, against

. ground), which is located in the cockpit, in the position "men'she"
(1ess).

A "ground" voltege passes from the toggle switeh in unit TsD-MOTK
to the winding of reley MORS. The relay triggers and interrupts the
circuit which.supplies a single reference voltage to modulator -tube
4018; the phase of the voltege determines moverent of the flat reflector
of the antenna from the middle line to the bottom line.

2. Remote Setting of the Antenna

When the "Zakhvat" button on the control stick is pressed, the
continuous searching moverient of the flat reflector ceases.

The rader is converted to the intermediate mode "DU" with the
antenna set in a zero position with respect to azimuth and at +hs!
elevation.

3. ILocked-on Beam

In order to convert the radar to the loclked~-on beam mode, the
operating mode switch on control penel TsD-LIUTFM is placed in the
position "Zakr. luch”" (locked-on beam). This disconnects the "ground"
fron the windings of relays 42R16, LOR1 and IOR2 end connects it to
the winding of relsy 42R6. Relay 42R6 triggers and sends +27 volts
through contacts 4, 5 to the windings of DU relays L2RS5, L2R5-1,
4oR5-2, end BOR3. The latter releys convert the rader to the "DU"
node witinout the posciiility of ¢ {

A
after range lock-on.

~
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L. Automatic Target Tracking

The automatic target angle tracking mode begins upon triggering
o; the automatic range locii-on circuit of unit TsD- -37, from vhich a
“ground" pulse passes tlwough the "Sbros" bubton to the winding of
relay L42R6.

The amplitude-modulated video pulses of the target pass from the
output of receiver TsD-33 through coaxiel plug Flt to the inpubt of the
error-signal separation circuit (tube LOL15) of antenna control unit
TsD-LOTK.

.The terget pulses arc modvleted by the scanning been as e resuli
of @ deflection of the terget from the equisisnal direction of ihe
antenn this deflection is fored by rotetion (ucennwnﬂ) of the
radlvtor, vhose axis is displaced relative to the focal exis of the
entenna reflector. Since the entenna control sycten represents a
closed servo system conteining inertiel leﬂeﬂug, os2illatory processes
may originate within it. The system is demped by the incorporation of
negative feedback in the chennel which is provided by the azimuth tech
generator 31TG2 and the elevation tach generator 317G1.

‘ The voltage from the tach generators, which is dependent upon

the speed of movement of the entenna's flat reflector in the corres-
ponding plane, is fed to the feedback windings of the esimuth end eleva-
tion magnetic emplifiers. Now the voltege at the output of the magnetic
anplifier in the appropriate channel, which causes an accelerated move-
ment of the antenna reflector, drops, movement of the flat reflector of
the antenna is retarded, end the systen is damped.

5. Tracking a Source of Smooth Noise Interference

Vhen smooth noise interference is present the oy;r“t1p~ niode
witch of unit TsD-BIUTPH is placed in the position "Pomelkha" (noise).
The radar converts to a noise interfervence scanning mode. An artificial
target echo with the merkers "Verkh-Niz" (top-bottom) appears on the
screen of indicator TsD-34TPM. When the "Zakiwat" button is pressed
the reflector of unit TsD-31TP is set in the zero ezimuth position,
after vhich unit TsD-26TK generates a 'cormand vhich converts the radar
to the noise source tracking mode. The gain of unit TsD-LOTK is in-
creased in this mode. ‘

The increase in gain of unit TsD»LOTh in the noise interference
tracking mode is. caused by the fect that antenna TsD-31TP, vhen
operating in this node, recelves only‘n01se interference. There;ove,
the reduction in gain of the servo sy Sotm due to the 12ct that the
antenna is not h~un=n_»u¢n' is ertifidiclX; scruensated by the ian-
crease in gain of the entenne centrol1unit TsD-LOTK.

\
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6. Tilt Stebilization
The 31t chaennel includes:

-- the antenna tilt control circuit, located in unit TsD-LLTP
(tubes M2 through W4IG);

-- the tilt megnetic amplifier LMU3;

-~ the tilt motor 313;

-~ the tilt tach gencrator 31TG3;

-~ the antenna tilt stabilization selsyn 315n5;

-- the selsyn for retwrning the antenna to "zero" tilt 31Sn5.

Vhea the radar is operating in the gckndxng and "DU" nodes (before
range lockkon of the Lalgct) the position of the antenna with respect
to tilt is stabilized. Tilt stebilization occurs as follows:

The tilt signal sent to antenna wnit TsD-31TP is generated by the
gyroscopic data unit of the rerote gyro-horizon AGD-1 and passes through
signal distributor 11864, vhich is a power signal repeater for the tilt
signals.

Signal distributor 1180A is designed for the simultaneous genera-
tion of signals having equal or identical choracteristics to several
systens of the aircraft.

Tilt angles arc trangnitted by a servo system which includes:

-~ transmitting selsyn of gyroscopic data wnit AGD-1;

-- recelving selsyn;

-- tilt generating circuit;

-~ transmitting selsyn of signal distributor 1180A;

-~ receiving selsyn 315n5 of antenna unit TsD-311P.

If the aircraft goes into a banking moverent therc occurs & mis-

match betueen the gyro data unit transmitting selsyn and the signal
distributor receiving selsyn

Ab the ovipet of tho nognotic anplifien thove will appeor o vol-
tage which controls tilt motor 313, turning the antenna tilt platiomn
until the signal et the input of amplifier M4I2 equals zero. The
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antenna tilt platform turns in a direction opposite the banking direction
of the aireraft, offsetting the latter. When switching to the 2ining
node, relay BURL trigeers, disconnects the rotor of selsyn 318n5 fron

the input of emplifier LLI2, ond connects the third phase of the stator
of selsyn 31Sn5 which rcturns the entenna to zero tilt.

As a result of the action of the voliege from selsyn 315n5, whose
zero value coincides with tie zero on the tilt scale, the antenna re-
turns to zero tilt and is held in this position for the dwration of
operation in the aining mode. |

1
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Note: | Figure 8 not in document.
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7. Operation of Limit Switches

Protection of the reduction mechanism of the automatic
antenna control at large angular displacements is ensured by means
of limit switches 31KVl and 31KV2 for altitude, 31KV3 and 31KV4
for azimuth, and 31KV5 and 31KV6 for tilt.

The flat reflector of the-antenna may deflect until c¢lo-
sure of the corresponding microswitches takes place:

for elevation: down KV2, up KV1
for azimuth: to the left KV4, to the right KV3.

The tilt platform deflects to the left until closure of
the KV6 microswitch, to the right -- the KV5.

Section 7. Indicator Channel

- The indicator channel operates in scanning and aiming modes
and provides the following:

a) observation of signals from targets detected by the set;
b) determination of distances to the target;
c) detelmlnatlon of azimuth location of targets and eatlwa—
tion of" thelr elévation;
d) possibility of bringing aircraft on target for lock-on
and automatic tracking;
e) determination of missile launch zone limits;
f) signaling break-off-attack time;
g) signaling of presence of noise 1nterferen°c,
h) signaling of radar functions in the "monitoring" mode.

Components of the indicator channel are located in the follow-
ing units:

* a) in the TqD—thPM indicator, serving for observation of
signals; '

b) in the TsD-46 sweep unit which, together with the TsD-
34TPM unit, generates sweeps: of type "B" in scan mode, and of
"floating spot" type in aiming mode;

¢) in the TsD-36 unit, which produces markers of the type
"Top-Bottom", making it possible to estlmate position of the target
with respect to elevation;

d) in the TsD-25TK suporessor and synchronization unit,
which synchronizes the operation of the indicator system and fO”Ha
the integrated target pulse;
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e) in the TsD-31TP antenna, which supplies voltage from the
azimuth and tilt selsyns for synchronizing the sweep with the po-
sition of the beam in the space, as well as GON voltage for forming
markings of the type "Top-Bottom" and for forming the target marker
in the form of a solid line in the scanning mode. In addition to
that, the antenna radiates and receives high-frequency signals;

f) in the TsD-37 unit, which supplies the following: the
voltage U max., which is necessary for forming the missile launch
zone on the indicator screen. This zone varies with the closing
rate on the target and the flight altitude of the interceptor.

~-range mark, which makes it possible to determine target
range;

~dangerous range signal, at which the pilot must execute
break-off}

g\ in the Tsp -32TK transmitter, which produces RF pulses
and converts the received RF signals into IF signals;

h) in the TsD-33 receiver, which amplifies the IF signals
and converts them into video signals;

i) in the TsD~-26TK noise frequency indicator, which gives
out a signal when there is noise interference of sufficient inten-
sity.

The target image is reproduced on the same CR tube in both
scanning and aiming modes.

Plotted on the indicator screen are:

a) azimuth and range scales in the scanning mode;
b) azimuth, elevation and range scales in the aiming mode.

The indicator screen, in both scanning and aiming modes, is
represented in Fig. 12.

1. Operation of Indicator Channel in Scéqning Mode
The indicator channel, in scanning mode, operates as follows:

On the indicator screen is formed ia "B type sweep/raster/
in coordinates azimuth -- range. Targets‘are represented within
the limits of the raster in the form of bright horizoatal lines.
Location of the target mark on the raster jof the indicator deter-
mines the range to the target, and its azmmuthal position relatiwe
to the 11ne of fllght of the aircraft. qurd1na+es of the target
are|determined by prOJecting the center oﬂ the target mark on the
range and azimuth scales of the TsD -BQTPM‘unlt
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When the target is located within the limits of the centcr
scan line, the target immage on the indicator screen is repre-
sented in the form of a bright horizontal mark with vertical
lines above and below the target mark., If the target is located
above or below thé .center scan line, its itndge: is represented
by a horizontal target mark with vertical lines only above it or
below it correspondingly.

In scanning mode the indicator channel provides the following:

range sweep intensity pulses
range swecp;

azimuthal swecps;
"Top~-Bottom" markings;
erasing pulses.

a) TForming of Intensity Pulscs

Formation of the range sweep intensity pulses in the scan-
ning mode is produced by a circuit which consists of the L4613
intensity multivibrator and a cathode follwer -~ left half of
WOLY.

Multivibralor 4613 is triggered in the scanning mode by
positive pulses, coming from the TsD-25TK unit with T9 frequency,
through closcd contacts 3 and & of the 4ER] relay. Trom the
multivibrator output, positive and negative polarity pulses, of’
Toduration, are taken. Positive pulses enter the modulator of
the recording projector ot CRT34LL of the TsD-34TPM unit through
the pulse intensity cathode follower (left half of the L6LY).
The negative multivibrator pulses enter the input of the range
sweep formation circuit in the scanning mode.

b) Forming the Range Sweep in the'Scanning Mode

Formation of the range sweecp in the scanning mede is ac-
complished by a circuit consisting'chawtooth voltage generator .
(right half of the 46L4) and sawtooth current generator HOLS.

Operation of the generators is controlled by the negative
pulses of the intensity multivibrator, of T duration, which
are supplied to the input of the sawtooth voltage generator.
The sawtooth voltage gencrator generates linearly increasing
sawtooth voltage. This voltage reacts on L6L5 sawtooth current
generator, as the result pf which linear sawtooth current runs
thrcuzh the vertical deflecticn ceil 390K1 (3 to ), which is
the L6LS5 tube load. Duration of the sawtcoth current corresponds
to the duration of the intensq v pulse; that is, it is equal to
T
° 70
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; azimuth scale; 2. "B" scen with increased intensity;
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¢) Azimuthal Sweep Formation

x Azimuthal sweep is formed by an oscillator, consisting of
a phase detector circuit with 46D14 and 46D15 crystal diodes,
whose load is 340Kl (1 and 2) horizontal deflection coil.

Tyo voltages are supplied to the circuit inputs

a) error signal voltage -- AC voltage of 400 cycles
per second from azimuthal selsyn 31Sn2 (1 and 2);
b) reference voltage of 115v 400 cycles per second.

When the antenna is in zero azimuth position, the selsyn
voltage is equal to zero. Increasing the antenna deflection angle
from zero azimuth increases the voltage amplitude., Voltage phase
depends on the direction of movement of the antenna with reference
to zero (to the left or to the right).

d) Formation of "Top-Bottom" Markings

Scanning the space for tilt and azimuth is done by three
azimuthal lines: upper I, middle II, and lower ITI. The target
image on the indicator screen depends on the target's elevation in
space.

) The markings, reflecting target's position (in elevation)
relative to the interceptor, are produced by the TsD-36 circuit for
the formation of the "Top-Bottom" markings.

e) Formation of Erasing Pulses

The erasing circuit, located in the left half of 3412,
consists of blocking oscillator circuit with independent drive,
which generates pulses of various frequency for both modes (scan-
ning and aiming). The quality of the image depends on the degree
of erasing of the potential image, generated over the target by
electron beams of the recording and the reproducing projectors.

The set has two types of erasingss continuous and instan-
taneous. Continuous erasing is the result of the continuously
supplied erasing pulses from 3412 blocking oscillator to the tar-
get of the tube.

For instantaneous erasing, TsD -34TPM unit has a 4Knl
"Mgn. stir." (instantaneous erase) button.

72
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2., Operation of the Indicator Channel in the Aiming Mode

After target lock-on the indicator device is switched to almlng
mode by relays of the TsD-42, TsD-46, and TsD-34TPM units.

In this mode, the indicator screen shows an artifical target
mark -- "ptichka" (bird), which consists of two (left and right)
range sweeps joined at their starting ends. Each range sweep has
an unilluminated portion called "firing zone". "Firing zones"
are symmetrically situated with respect to the symmetry center of
the "bird". This type of range sweep is determined by the shape
of range sweep intensity pulses.

The point connecting the two beginnings of the left and the
right sweeps, is the center of symmetry of the "bird". At the
center of symmetry and on the range sweeps are corresponding verti-
cal lines of zero and present range.

The position of the range markings on range sweeps on the "bird"
determines the range to the target, and the position and size of
the "firing zones" determines the 1lm1t5 of the firing zone.

Position of the zero range "marker® marking on the indicator
screen, corresponds to the target position in space.

Deflection of the zero range mark from the zero of azimuth or
elevation, marked on the dial of the screen's protecting glass, is
proportional to target's angle of deflection from the longitudinal
axis of the aircraft in the corresponding planes.

Because the markings of the present range are symmetrical with
respect to the center of symmetry, range to the target is determined
"by the distance from the central "marker" to the vertical range
markings.

In the ainiing mode the indicator channel provides the following:
'
range sweepss;
range sweep intensity pulse;
zero and present range markings;
azimuthal sweep;
elévation sweep.

73
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a) Formation of Range Sweep

The range sweep in the aiming mode is produced by a
circuit consisting of the following: :

ubL6 trigger;
paraphase amplifier, left half of U6L7;
- differentiating circuits;
- 4618 phantastron;
- 4619 multivibrator;
- BBL10 sawtooth current oscillator II.

Degree of deflection of the beam to the left and to
the right from the beginning of the sweep (linear dimension of the
"yings") depends on the amplitude of phantastron and multivibrator
pulses respectively. Duration of these pulses is made equal to‘Tp
by selecting compaonents which determine the L6L8 phantastron and
the LELO multivibrator time constant. Required amplitude is obtained
by means of potentiometers, located on the front pannel of the TsD-46
unit.

b) Formation of the Range Sweep Intensity Pulse Circuit

A nonuniform illumination of the range sweep in this
node is ensured by & suitable intensity pulse shape. The intensity
pulses in the aiming mode are composite and are produced by super-
imposing over the positive long duration pulses two types of pulses
of shorter duration: negative of the "firing zone" and positive
range pulses. The first produces on range SWEep lines darkensd sec-
tions [ "firing zones" |/, and the second ensures even 11lumination
of the range markings in the bright section of the "ying", as well
as in the darkened "firing zone",

The "firing zone" pulse is‘produced in Tsb-46 unit, and
the range pulse in the TsD-37 unit.

The size of the darkened section produced by the "firing
zone" pulse, and their position on the range sweep, vary with the
nfiring zone" pulse duration and the location of its front and back
edges, depending on the closing speed of the interceptor with the
target and the altitude of the interceptor.

¢) Formation of the Zero and Present Range Marks

The zero range marks on the "bird" and the present range
marks are produced by the TsD-k6 unit.
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d) Formation of the Azimuthal Sweep .

Deflection of the "bird" with respect to the azimuth
is produced by the same circuit which produces the azimuthal sweep
in the scanning mode, the difference being that the voltage propor-
tional to the antenna azimuth is supplied to the azimuth phase
detector not from the 31Sn2 (1:2), but from the third phase of the
31Sn3 (1:4) selsyn. This is done in order to change the deflection
scale in the azimuthal plane. In addition, the GON of the TsD-31TP
unit is disconnected from the circuit.

Switching of the selsyns and the GON is made by relays
L6R3 (contacts 6, 7, and 8) and 46R6 (contacts 7 and 8).

e) Formation of the Elevation Sweep

Deflection of the "bird" with respect to elevation is
produced by a circuit identical to the azimuthal sweep circuit lo-
~cated in the TsD-46 unit.

3. Operation of the Indicator Channel in Presence of Noise Inter-
ference Y

When noise interference of sufficient intepsity is present, the
TsD-26TK noise indicator circuit, consistinngT\ZéLl 26L5, and
the left half of 2619, supplies voltage of +27v. This voltage
enters the warning light, 34Ln8 "P" (interference), which lights
up and warns the pilot of the necessity to switch the set to
"Tnterference" mode. In this mode, artificial target pulses are
supplied through TsD-25TK unit to the input circuit of the TsD-36
unit's "Top-Bottom" markings circuit.

These pulses are generated by. the artificial target formation
circuit which is located in TsD-26TK and consists of 26L10 and
26L11.

L. Operation of the Indicator Channel in the Presence of the
Dangerous Closing Range Signal

When the interceptor closes with the target to within
D op. sb. a dangerous closing range signal:(+27v) is supplied
from the TsD-37 unit to the "O" ("broak-ofi" )} light on the TsD-

34TPM unit. |
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Section 8. Smooth Noise Interference Channel
The following is provided by this channel:

1. indication of smooth noise interference, by ignition
of the "P" display on the TsD-34TPM unit;

2. after changeover to the noise interference mode of
operation, indication of the source of noise interference by means
of the TsD-34TPM unit's indicator screen;

3. automatic tracking of the source of noise interference
by angular coordinates without determination of its range.

The channel consists of the following:

a) TsD-33 receiver, designed to amplify noise inter-
ference of the intermediate frequency and to supply the interfer-
ence video signals to TsD-40TK and TsD-26TK units;

b) TsD-26TK noise interference indicator unit, designed
to supply voltage of +27v to the "P" lamp on the TsD-34TPM unit
when smooth noise interference is present, and to generate the ar-
tificial target pulse and ShARU wide gate in the interference mode;

¢) components (relays) of the TsD-42 unit, which en-
sure operation of the channel and connection with other units.

Appearance of smooth noise interference in the target scanning
mode is received by the set as an increase in the amplitude of
noises at the receiver's output in the wide gate and the ShARil
gate. Due to the pdlse interference limiter -- left half of 33L15,
the ShABU circuit of the receiver does not fully eliminate the in-
crease in noise.

Noises from the cathode followef® of the left half of 33L23 of
the receiver enter the 2611 coincidence stage of the TsD-26TK noise
interference indicator unit through F15 coaxial cable.

When the "Interference” light goes on and the target on the in-
dicator scéreen of the TsD-34TPM unit disappears, the pilot switches
the "Interference - Tracking - Locked-on beam" toggle switch on the
TsD-41UTPY unit to ﬁ@sition #Interference". This switches the set
into tracking mode by smooth noise interference.
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Tracking by Smooth Noise Interference

After the "Interference - Tracking - Locked-on beam" toggle
switch is switched on, +27v voltage is supplied to 42R20 and
42R20-1 relay windings. At operation of these relays, stabilized
voltage of +150v is supplied through contacts 4 and 5 of W42R20-1
relay to the artificial target channel and the winding of 26R6
relay, which decreases the level of interference indication.

Triggering pulses are supplied from the TsD-25TK unit, through
contacts 4 and 5 of the 42R20 relay, to the trigger of the 26L6 de-
lay phantastron in the ShARU wide gate formation circuit.

When the "Interference" toggle switch is on, the noise inter-
ference passes to receiver's output only in the S$haRu wide gate.

The noises in the ShARU wide gate enter first the two-stage
26L10 (6N1P-V) amplifier and then the trigger of the 26L11 (6NLP-V)
artificial target blocking oscillator.

The Ylocking oscillator generates pulses of 0.9 t 0.1 micro-
seconds, which enters the indicator channel through contacts 7 and
8 of the 42R28-1 relay and the TsD-25TK unit,

The artificial'target with "Top-Bottom" markings appears on
the indicdtor screen lines of the scanning zone. The position
depends on the source of noise interference. The position of the
target mark on the indicator with respect to the azimuth determines
the target azimuth angle.

Information on the distance to the target pilot receives from
the ground.

Pilot's task in the smooth noise interference scanning mode
is to bring the target on the center line and lock-of zone with
respect to azimuth. After this the set is switched to aiming by
smooth noise interference by pressing the "Lock-on" button,

Aiming by Smooth Noise Interference

In the aiming mode the pilot watches the "bird” on the indi-
cator screen. Relative position of the "bird" with respect to the
center of the screen corresponds to the position of the target in
space with respect to angular coordinates. . The range markings are
absent on the "bird" | ’
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When switching to aiming by interference, voltage of +27v 1s not
supplied to the 26RT relay winding and the commend for switching on
range scanuing is not sent to the TsD-37 range wnit. Firlng of milssiles
is carried out by the pilot on & special signal.

Section 9. Coupling Channel of the R-2L Radar with the Missile Firing
Circuit

Firing is permitted vhen the range markings on the "bird" are
inslde the firing zone, and the "bird's" center marker is inside the
small circle of the indicator scale.

Missiles are fired on a special signal which indicates thet the
missile head is locked on the target.

Section 10. Coupling Channel with the VPD-30 Altitude Instrument

The maximum range of the permissible firing zone on the set's
indicator increases smoothly with increase in flight altitude. For this
purpose, a potentiometer in the VPD-30 altitude date unit is used to
which 1s supplied 40O-cycle voltage from L2Trl transformer windings
10 and 11. Voltage from the VPD-30 is supplied to the TsD-37 unit.

Section 11. Control Channcl of the Set

The set is fully controlled in the air from the cockpit by means
of control devices located on the TsD-41UTPH control panel, on the
aircraft control stick, on the front panel of the TsD-34TPM indicator,
above the instrument board, end on the left and right psnels of the
cockpit.

During ground operation, unit TsD-U8 is connected to the set. By
means of this unit a whole series of operations, described im the
"psD-48 Ground Test Unit" section are carried out. This section discusses
only control devices of the TsD-48 unit, which switch on the set (both
preliminary and full), switch off magnetron filement and operating
section of the TsD-32TK unit, switch off the antenna motors (of
azimuth, elevation, tilt and scanning).

The following operations are done by meons of a toggle switch
located on the TsD-4LUTPH control board:

- preliminary switching on of the set (without the high voltage);
- full switching on of the set;

- switching on "tracking", "locked-on beom" and "interference”
modes; ;
- switching the high-frequency energy radiation of the set's
transmitter from the antenna to the antenna equivalent, and vice versa.

78
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By means of the buttons “Zakhvat" (on the control stick), "Sbros"
(on the left side above the instrument board), "Pusk" (on the control
stick), "Mgnov. stir." (instentaneous erase) (on the front panel of the
TsD-3UTPM), the following are done, respectively:

- switching the set from scanning mode into the "DU" and lock-on
target mode;

- breaking off' the locked-on target;

- missile firing;

- instantaneous erasure of the image on the indicator screen.

By means of toggle switches "Protection of R~-2L against ground
[noise]", "Protection of R~2l; against passive ECM" the following are done,
respectively:

- lower antenna line is disconnected, vhich considerably decreases
the ground echo;

- switches on the discrimination circuit for closing-in rate,
which provides protecticn for the set from chaff released by the
target aircraft.
) - scanning section is displaced with respect to alrcraft's
longitudinal exis.

1. Preliminary Switching on of the Set (without the high voltage)

Preliminary activation of the set is accomplished by placing the
toggle switch, located on the TsD-L1UTPM unit, in position "Set On".
This grounds B contact of the contactor winding for switching-on in
L2R11. The contactor operates because voltage of +27v, from the
aircraft circult, is supplied to the A contact of its winding.

2. After the complete cycle of operation of a group of relays vhich
switch on high voltage in the TsD-L2 unit, voltage of +2Tv is supplied
to the 2nd contact of the L1Vl toggle switch.

In this state the set is ready for high voltage.

After setting the toggle switch in p081tlon "High Voltage On",
voltage of -27v 1s supplied through contacts YShéO 15h29 and 1OSh2
to the 32R2-1 relay winding. The relay operates, its contacts break
the supply circuit of the 32Tr2-8 magnetron filament transformer,
supplying power to the priwary winding of\the high~vol tage transformer
Tr2-l. High voltage is on.

3. nadm.ion or Antenna Equivalent Operation
|
So that the set can operate secretly in the alr and on the ground,
without radiating RP energy into space, operation on antenna equivalent
is provided. Highofreouency energy is stuched from the antenna to the
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equivalent by TsD-29TPM unit on & command from the TsD-MIUTPM board.
Switching the set to equivalent while the aircraft is parked also pre-

cludes possibility of the crystals' receiving high intensity RF energy
from nearby sources,

L. Scanning

Operation of the set in the scanning mode is achieved by placing
the set's mode toggle switch, located on the TsD-LIUTFM unit, in
"Soprov." (tracking) position.

5. Ranging System

Ranging mode is characterized by having the antenna in "pg*
position, scanning the target for range.

DU mode is switched on by pressing the "Zakhvat" (lock-on) button.

Stabilized voltage of -250v is supplied though contacts L4 and 5
of the L2R5-1 relay to 37L1O automatic lock-on device, preparing it
for target lock-on.

6. Automatic Tracking

If the pilot correctly eims his aircreft et the target and the
reflected target signal is of sufficient intensity when the "Lock~on"
button 1s pressed, the tracking system of the TsD~37 unit will lock
on the target with respect to renge, after which the automatic lock-~on
37RL and 3TR2 relsys, operates.

After the set has locked on the target, the "Lock-on" button on
the aircraft control stick may be released.

As the result of the error signal and reference voltage comparison,
the TsD-LOTK unit produces azimuth and elevation control currents,
which ensure antenna operation in the direction of diminishing signal
error, 1. e., in the automatic tracking mode the antemna tracks the
target. .

T. Locked-on Ream

This mode is used by the pilot when the sighting of the target
can be done by optical means, that is when the target is in view.

To switch on the "lock-on beam" mode, the 41V2 toggle switeh is
placed in position "Zakr. luch (locked-on beam).

The pilot brings his circraft on the tarsed by means of the opticel
si-nt, end when the intensity of the reflected signal becomes
sufficiently large, the automatic target lock-on device located in the

}
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TsD-37 unit operates. The pilot is made awere of this by the termination
of target scanning; the range markers on the wings of the "bird" stop
on.the present range to the target. .

Firing zones appear on the bird.

8. Operation of the Set by Smooth Noise Interference

a) Noise Interference Indicator

Noises at the receiver output in the ShATY gate, via RF plug FIS
end ShARU gate pulses from the TsD-25TK unit, are supplied to the noise
indicator circuit fn the TsD-26TK unit. At the same time, voltage of
-27v is supplied to the lamp "P" located on the front panel of the
TsD-34TPM unit. |

b) Scanning ﬂy Noise Interference

When the pilot receives the interference signal, he switches the
41v2 toggle switch ﬁo position "Interference".

Target indication in the "interference" mode of scamning is
obtained in the same manner as in the regillar scenning mode, with the
exception that in the "interference" mode the artificlel target is at
fixed range. Information about the true range to the target is received
by the pilot from the ground.

The pilot, as in the regular scanning mode, brings his alrcraft
on the target so that the target is on the center line and inside the
lock-on zone with respect to azimuth.

¢) Noise Interference Automatic Tragking Mode

The radar 1is cbgverted to the noise ihterfefgnce automatic tracking
‘mode by pressing the | "Zaknvat" button.

|

Noise interfe 'qce is tracked in the) same mammer as when tracking
& signal reflected \Prom a target.

-

When operatin in this mode units TsD-LOTK : dnd PeD-4LTP guide
the radar antenna tpw tae source of nolse interference. TUnits
TsD-46 and TsD-34TPM are used to display the "bird" aiming marker.
There are no range mrkers on the "bird" yhen operating in the
"noise" mode. NI
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9. Protection of the Set Against Ground Noises

When operating in the scanning mode at flight altitudes less than
1,000 umeters, the ground surface is irradiated and the screen is
111uminated by reflections from the ground. In order to make it
possible to use the rader at low altitudes under combat conditioms,
the set provides for deactivation of the lover azimuth line during
scanning and a displacement of the scanned scctor upward relative to the
longitudinal axis, which is accomplished by means of the toggle switch
marked "Zashchita ot zemli" (protection against ground [interference])
in the pilot's cockpit. : '

10. Protection of the Set Against Passive ECM

The set provides for selection (discrimination) of the closing
speed of the interceptor with a target, which ensures protection of the
set against passive ECM (chaff) dispersed by the target aircraft in
the fors of dipole reflectors. The principle of selection is based on’
a comparison of the speed of the interceptor and its closing speed with
.the target.

When the speed selector is switched on, the possibility of aiming
on slowly moving or stationary targets is eliminated. The capability
of tracking a slowly flying target is provided in the set by disengag-
ing the speed selector by means of the toggle. switch marked "Zashchita
ot passivnoy pomekhi" (protection against passive ECM).

11. "Firing"
The pilot aims or guides his aircraft toward the target so that
the center of the "bird" is within the small circle on the scale of the

indicetor.

The pilot releases his missiles by pressing the "Pusk" (fire)
bution.

Section 12. Radar Monitoring Channel

A functional diagram of the monitoring chonnel is glven in
fig. 13 (book of diagrams).

The monitoring system i§ switched on when the set 1s operating
fully by placing toggle switches V2, V3 of unit PsD-UIUTR in the
positions "Soprov." {track.) end "Kontrol (monitor), respectively.

The aireraft circuit voltage of +27v is fcd through contacts 2
and 4 of toggle switch “1V3 %o unit TsD-%2 thrcugh 338hl9.

32
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In unit TsD-42 the f27 v is fed through normally closed contacts 3
and b of U2R30 to the following relays:

1. L2R29, which triggers and:

&) disconrects unlt TsD-32FK from unit TsD-36 and comnects it to
unit TsD-26TK with its contacts 5 and b;

b) with contacts 6,7, and 8, switches the plate voltage of the IF
amplifier of unit TsD-33 for the purpose of reducing the ampliication fac-
tor; .

2. kLeore3, which triggers and:

a) with contacts 3 and L, ungrounds contact 7 of reley L2R5 to
interrupt tri;zering of the receiver and, through contects L and 5, grounds
R103 in unit TsD-36 to reduce the gain of the video amplifier;

b) with contacts 7 and 8, removes the artificiel tarset pulse {rom
158n25, since at this stage of monitoring the target pulse for the indica-
tion channel comes from unit TsD-33.

3. L42R23-2, which triggers and:

&) with contects 5 and L, sends -250 volts to unit TsD-37 and the
speed selector circuit to check its operetion in the event that Logzle
switch 41V2 has been placed in the position "Zakr. luch" (locked-on beam)
in the first stage of monitoring; i

b) with contacts 6 and 7, connects a 400-cps voltage from bhrrl
to the amplifier of the tilt chaanel, whlch causes unit TsD-31TP to zene-
rate a tilt to the risht.

4. L2R23-1, preparing this relay for operation in the event that the
right-side $ilt 1limit switch operates.

5. LoRe3, which triggers and with its contacts 3 and L ungrounds re-
lay 42R26 which unblocks the "Pomekha" (moise) toggle switch, end unzrounds
relay 42R19-2 to prevent it from operating 'upon reception of the li-kilo-
meter command end ensures & -250 volt supply to unit TeD-37 and the "dange-
rous range" clrcuit. :

A voltage of f27 v is also sent from contact 4 of relay 42R30 to:
1. unit TsD-26TK for operating relay 26R9, which trigzers end:

a) with contacts 6 and 7, triggers the artificiel tarzet blocking-
oscillator 25L11 (end consequently wnlt TsD-32TX) from the ShARU wide-jzate
blocking oscillatoer;. : i

i ! !
\
| RO

|
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b) with contacts 3, 4, and 5, triggers the ShARU wide-zate pulse-
shaping circult vith & trigger pulse from TsD-32TK (27Sh26), which ensures
operating of this circuit in the first stage of monitoring. :

2, unit TsD-33 for operating reley 33RLk, which trigzers and:

&) with contacts 6 and 7, sends a voltage from the reference sig-
nal generator to the input of cathode follower 33L21 (right side), which
modulates thz test signal in unit TsD-LOTX, for the purpose of moving the
antenna reflector to the right and upwards in the second stage of monitor-
ing;

b) with contacts 4 and 3, disconnects the (ARU) circuit and, with
contacts 4 and 5, connects & negative voltage to the grids of the IF ampli-

fier tubes for the purpose of fixing its gain in the testing mode.

3. uwnit TeD-3WTPM through 42R19 ead 42DT to the "Pomekha (noise)
lamp 34LN3, which burps at half-intensity dwring the first and second stages.

In the first monitoring stage the screen of unit TsD-30TPM will show
in the middle ranze a line with "Verkh-Fiz" (top-bottom) mariers alony the
entire azimuth, lamp "P" will burn at half-intensity, and wnit TeD-31TP
will tilt the antenna to the rizht.

If toggle suitch k1v2, in its first stage, is set in position "Zakyr,
luch,"~then on screen of unit TsD-34TPI will appear a "pird" uith range
marks at its ends, which move in the direction of the greater range.

When the tozgle switch is placed in position "Soprov ", then the moni-
toring cycle continues.

When 31KV5 operates, its contacts 3 and 4 will ground the following
units to the frome (beginning of the second stage of monitoring):

a. L42Dp2I, the lamp "P" beglns to fllcker;

b. U2DII, now relay 42R28-1 operates and with its contacts b and 5
grounds auto-blocking and reduces the rhantastron pulse duration in unit
TsD-26TK to 15 microsec.

Now contact 3 of relay L2Re8-1 ungrounds so that relay L42R28-2 releas-
es and unit TsD-31TP returns to zero tilt.

Contacts T and 8 of relay L2R28-1 will supply 27 voltaze to the but-
ton circuit "Zekhvet" and will operate 21l relays of mode "DU" (L2RS5-1; 42R5-2;
25R1; LOR3).

84
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the monltoring signals, after being aoduwlated by voltase
ference voltage zenerator is fed te unit T5D-4OTK end mekes tie
flector (mirror) of unit TsD-31TP move rizht-up.

from the re-
antenna re--

Duriny the second monitoring stage, on the screen of uni%t TsD-3LTPM
the "bird" will appear with range marlks and launching zones, vhich will
move right-up on the screen. Lamp uo" yill 1ight. After both linmit
switches 31KVL aud 31KV3 have operated, the relay L2oR10 will also operate
and will comncct with contacts 6 and 7, the relays 42R30 and LOR3L to
ground (beginning of the third stege of monitoring).

Vhen relay 42R31 operates, it:

a. discommocts with contacts 7 and 8 the tracking relay LORL and LOR2 of
unit TsD-LOTK from ground;

b. connccts with contacts 7 and 6 relays h2R6 and LoRG-1 to ground;

c. comnnects with contacts 7 and 6 rclay 33R163 to ground for switch-
_ing the mode of the ShARU circult of unit TsD-33. This results in a sharp
rise of noises.

Now relay L2330 operates and disconnects the /27Avolta;e Trom all the
above-mentioned conswiers, as well as from lamp "P" of unit T5D~34TPM,
Lemp "P" will not he 1it brizhtly from the noise-indlcator circult, vhile
tha "bird" will shift to the center of the screen without launching zones,
with range wmarkers moving from the center o the edges of the "bird".

This indicates that the radar has enteréd the third and last monitor-
ing stage. :

If at this time toggle 41V3 is set in the mode "Ekviv" (equivalent)
or "Izl." (redietion), then the radar will switch to the scan node,

1f it is necessary to repeat monitoring system operation, set the tog-
gle 11V3 egein in position "Kontrol'" (monitoring).

It should be remembered that for proper checking of the aireralt mon-
1toring system, the alrcreft should not be tilted more than 10°.

.

Section 13. Redar Power Supply
' |

The radar requires for its operation the following power sources:

a. " de f27 veltege,
|

b. acill5-v, 400-cps,

I g5
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c. ac 115-v, 600-800-cps)
!
d. ac, 3-phase, 36-v, hOO‘-cps.
The gtabilized dc voltage# of f150, f250, =250 and £300 are supplied
from radar rectifier Ts-D-38. \The /2’( de voltege is drawn directly from
the aircraft network. ! ‘

Converter PO-1500 supplies 115-v, h00-cps ac volbtage.

Generator type 5G0-8 suppiies 115-v, 600-900-cps ac voltage.
Converter type PT-500Ts sﬁpplies the 3-phase, 36-v, 400-cps voltage.
Current consumption in vu?ious circuits:

fo7-v aircraft network ; 12 a

115-v, 100-cps ; 11.5 a

115-v, 600-~-900-cps : 11l a

36-v, 400-cps per phase

£150-v stabilized

fo50-v "

~-250-v

£300-v

e
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' PART TO

DESCRIPTION OF UINT3 OF TS R-2L RADAR

Chapter Four
THE TsD-31TP AITEIIGIA

Section 1, Gcncra] Doscrlpulon of the Unit

Thae TsD- 3JTP antennz ena >1es the set to opercie in the search and
automatic torget tracking roles. To perform these functions, the antenna
unit forms the energy chianneled from the transmitiing systen into & narvow
scanning veem. The clectrozechonical systens of the antenna wni’ mole it
Possible to nutate the been in azimuth and elevetion, to stabilize the tean
in space in the secrch node, and to generate volioges preoporvional Lo the
veen deflection angles for definition of antenns scen mones ond Lo Toming
sveeps of the TsH-3LTRlM indicator.

Secvion 2. Basic Tecimical Data of thue Unit
1. The eauplification factor is 1,120,

2. The electrical durability of the chaanel males it possible to
propogate R-F enermp up 0 100 kv per pulsc.

3. In the frequnnc range fg 425, the shandi
Input of the vuvcc;vlde is no greater then 1.5.

. The scnnningzrate is T30 + 3% cps.

5. Power rcquimnents art for 1"5—volt, LoO-c;cle, 2.5 amperes ond’
+27~vols, 2.5 ampere

|
6. Attenvation o; tn directional com)]c 2 dy.
T .Lhe weight of t’:.e unit is 31-.5 I-:g.
Section 3. Focu im_r, the Energyr into a H&rmr Dircetional Beon

The directional emis.,lm of’ energy in the given antenne systen is
accomplished with a cém.i"m regiator end & poarabolic mirror. An equal-
signal directivity is! m'ovi&el by the rotation of the radiator with %he
phagse center snii‘ted in relation to the exig of rotation. Azimuthel and
elevation deflection of the vedn is eccomplished with a plane mirror.

\ .

Sbhcricel electr "gn .’Lc veves'are endbted from the redletor and tler
el onvo, tuc yuraao’g. Bectuse of {tle prozeriles of the navito

the spLerica" waves {3 the mirror are, "ter reflecTion, forzed

l
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into plenar vaves. After reflection fronm the parasolic mirror, the
energ, falls on the plene mirror and is reflected from 1v; 1% is then
propagated into space as = narrov bean. Reflechion of the energ; during
its first incidence on the parabolic mirror and i%s free propegation
after its second incidence is accomplished by the specicl desimn of the
mirror end b, the stabilitry of the polerization plene of the waves
enitted from the rediator.

Using the parabolic and plane mirror coubinag
of & waveguide of simple desirn end makes it 00551,
Ticiently lerge azimuthal and elevebtion deflection sles
wiile employing small mechenica 1 de;lcctloa ongles in the
of the entenna.

Section b, The Waveguide
The voveguide is intended for channeldaz “he cners;s from the outlet
the TsD-29TDH unit to the »adiation s sten. The vavesuide consists
[ individuel components, wiich perform speeific funchions.
diator Rotetion Joint
The

out reflec
This joint

radicvor rovetion joint is intended Tov enicsion of energ vith-
tion at the junction point of the fived end movable waveguides.
is made {rom a round veveguide.

2. Transliion From the Round to the Rectonguler jia wegulde

The match betieen the round and the receangulor vavesuide is cccon-
p’lisl ed with a quarter-wave transformer. The quoirter-wave tronsiomer

consists ol a section of wvavegride, the cross-section of vhich is the
nean oe’omen the round and the rectongular vavesuvide.

3. The Tt Rotation Joint
Thc tilt rotetion joint nmeles it po

5
slong the wvaveguide with the anfenna sbali
consists of a rotatavle cowzicl devicc.

itle to propagate the enerey
lized for t11t. The joint

L, Tie Connccting Vavepuide

The comnecting wavesuide is intended for chenneling the cnersr fron
the TsD-2STDH wnit to the tilt rotation joint. Chole T longes with slecve

nuts are pravided at the ends of the connecting vavesuide for coupling
it to other waveguide cections.

g8
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Section 5. Description of the Unit's Uircuit

l .
The gircuit diagram drawing  of the unit is given in Fig. 1l (sec
diaxran book).

1. The Scan Component

The scen component is used to form an equal signal vol age and to
provide the referencze voltages. To perform these functions, the coie
ponent has en Mt servo motor und & GON-1 reference volisge generator.

To shield the supply circuits from interfercnce caused b brush
sparking and regulator contacts, the cormonent ﬂ”s a Tilter consisbing
of tvo capacitors (€12 and €13). Te wiring of 211 elemends of the scan
component 1s errenged into a herness end is led out o; the scan rechanion
housing throuvsh a sealed pin connector.

The GON-1 reference voltege generator is of the alternatinz current
t;pe. The stator has two windings shifted with respect to ecch other so
thet the voliege on the generator tewminals is shifted in phese. The
anplitude of the volioge is constont because the wotation of the shafs
is congtont.

‘2. The Azimuth Bean Cont:ol. Conponent

The function of the azinuth component is to deflect the beem in the
horizontel plane cecording to o given arrangement in the search mode, to
track the veom on the target with a rate proportional to the novement of
the terget in the tracking mode, end to provide a voltoge o the TsD-US
sweep unitv in the scerch apd autematic target tracking modes

The following elezrenbﬁ are located in tnc czimuth componeny:
\

a) 12 actuating motor,
b) T2 tach generstor
¢) Sn3 and Sn2 selsyns,

d) Kvh end KV3 linit switches. .
'i
&) Tre 12 actuating motor isian ac, inducvion, single-phase, capacitive,
electric machine with a lmr—inertia, nonmagnetic rotor.
b) The TG2 tach gener'ﬂ:o" i° used ‘to provide a feed-back voltage in the
azinuth megnetic amplifiex c:chui It is ‘e de machine with permenent
megnet excltetion. |
| . J 3 : }

c) Tac funetZon of ihe 5n3 selcyn is to suppl volteges required to move
the been in the proper wa; in: the search mode, to set the plene mirror in
the zero azinutn position in thc DU node, énd to supply voltsges propor-

tional to the movement of the target in reletion to the equal-signal volt—
ege in the tracking mod ] . 99 ‘ : !
. \ | i .

; SRS \ s-x-c-m-m P
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The funciion of the OSn2 selsywe i to form Hhe ezinuth sweep voltage
in the scan mode genexated by the TsD- b5 sx ey wit. The selsyn rotor
is mechanically coupled with 2 retio of 1:2 with the ezimuth leop. &
posenticl of 115-volt 1;00—:;--:1 cs is fed to Lhe rosozr brushes.

d) Tac KVh end KV3 linit switches function to linit the travel of the
mirror. Uhen ihe 1imit switches ave closed, the relay circuit in the
TsD-h2 vnit, eonirolling the circuit liniting tie novement of the plane
mirror to the right and lef%, I grovnded.

3. The Bean Slevetion Control Ccmponent
The clevetion component funciions to deflect the tean for elevatlon
ecreh ond track modes and to supply voluazes proporulonn to i

during se 5
clevetion ancle of the bemn Lo e .LsD—Y',OITC antenna control unit and vo

the TsD-IG sweep unit.
The elevetion couponent has: following clements:
10. actuating motor,
TG1 tech gererator
onl scls.n

Kv2 end KVl ldnit switehe

In the elevation co"powc'1 are the scre electric nachines as in the

azinuth component which perforn tre fenetion of tae ectuating movor and

the Lccmhc“ elcmens. Pouer supdly of the M1 moter end tihe TGL tack

generator circult is accomolished in the stre vap as in the azinuth coupon-
ent. The Snl sels:m functions to foim volicges proportional to the tedu
deflection angle for elevation in the cecrzh and DU nodes uﬂ Toxr foriing

elevaoiion '\’CL,I) volteses in the cutometic trachking =ole. The KV1 and KV2

1ini% switches limit the moverent of the planc nirror up end dowm.

L. Tae /ntenna Tilt Stebilisation Component
The function of the entenna t1lv sta
mtc*lm in the scan rode up to angles of
zero tilt pou;’a:\.o" in the ©
0o .-.incr in the traciiing node.
The tilt mechonisn has the following elerents:
173 electric motor,
v) TG3 tach gencravor

90
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¢) Sn6 flat selsyn,
d) SnH sels;n,
e) KVS and KVG limit switches.

The principle of entemna sicbilization is bosed on the electrieal
connection of the two selsyms: the 11862 [eie/ sisnel distributor b1t
selsyn end the Snd entenna $ilt angle sclsim. The 11064 [sic/ signel
Gistributor is a follower of the aireralc £ilt angle signals generated
by the gyroscopic transmitier of the AGD-1 re:obe cyronhorizon.,  The
tr;nsvlutlng sels;n followving the $ilt systen is nounted on the AGD-1
g,rotraqsvl”ﬂ frame. The vilt receiving sels,n is located in the
11C0A signel distridator. In the presence of lateral tilt of the
aircraft, a misclignment of the AGD-1 trensiitting sels;m with the re-
ceiving scls,n of the distributor occurs. Tae ervor signzl in the
fom of voltcge is fed through the gmplllicr to the winding of the control
notor, which through a reducer ironsmits the rotation o the receliving
selsyn rotor of the distridbutor ond brinzs it into a position correspond-
ing to that of the AGD-L troncnitiing sels m rovor. As the receiving
sels;n rovor turng, its novenent cransnitied vaough gc”“lﬁf to the
tranonitting sels n rotor of the na 'S“ri‘LvO_c Thus, the distri-
butor transmitting sels;n rotor e 3 i angles ol the air-

r“”' The distributor troncnd uu' 173 s connecved with the antenna
t CCnsrormer sels;n eccording to' R cransnitil sels n-transformer

sels; " schenatic,,

A 36-volt, L0O-cycle motentied is fed to tre trensnitting selsyn
rotor fron the TsD-LUTP mognotic emplifiers unit. The current in the
rotor winding induces a current in the stator windings as in an
ordincry transforuer. ’

Direction of the megnetic flux in the transmitting selsyn depends
on the position of the rotor in respect to %he stetor. Because of
the connections between the selsyn stator windings, the flux direction
is trenenitted to the transformer sels;yn. If the rohor of 4the trans-
nitbing sels;n is perpendiculer to the flux, the esvor signal taken
from its winding is equel to zero. If the rotor is in line with the
directlon of flux, the error sizrel is ot maximm valve.

Both selsyns ere phased so that with zero $ilt the robors are at

90° end the error signel is zero. In the pressnce of asircraft tilt,
the troensmitting selsyn rotor twns because of the mechanical COLD7ln"
with the AGD-1 unit. An crror sigacl eppears s on the rotor of the trans-
former selsyn and is supplied through the TsD-LUTP magnetic anpllglers
unit to the "nucnno +:Ll+ control eix Chlu, ;ron wiich 1t is ed to the
convrol winding of 13 tilt r0uor The 113 molorr cond inL
vnsil o the oo el iz -c’ sof £0 zava. Dioch Lon of »ol e

on tie phuese of the error signaliin relaiion Lo Jv“ putse of the voliage
on the line uin;iﬂg 3 rnowoxr L V“

;

|
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Thus, antenna stabilization for tilt achleved. ‘hen locked on
ta 1;cu, the antenna retuvims to tﬁc zex ! rrespective of the
tilt of the aiverclt, i.e., K switched off.

The Sn5 scls;n functilons to enswre the retwn of the antenna 4o
zero. The Sn5 selsyn rotor is co”ﬁlcd rechanilcall: vith the novable
pars of the antenna w:it‘1 the rotor also receives a
potential of 115 voll
omed on the svator siindings, which is governcd U
1 of the stotor and rovor. The phase of the sels;n

A voliage is O
the angular pogitior
is arronged so vhet the rotor is at equel angles to the first and third
pheses of the stator; hence, swith the movable port of tihe antenna at
the zero position, the lincax volioge tetween the first and third phases
is equal ©to zero beecause the phase 1ta~eﬂ are cqual end are oppocite
in phese. During billing, the linec lvages chonge sinusoldaldly. The
phase of the volltage indicotes th rection of ©vilse.

Thus, the S 1 funetvions during tilt vo produce sisncls re-
quired to retirn t"e antenna vo tie zeiro position.

The L3 clectric rotor of the tilt commonent is ol the vetion,
two-nhage T pe.

The TG3 tachworeter 1s the scwe kind s in the azimuth end clevation
coupenents and is intended for suwwplying feedbacl: voltages.

The KV5 and KV6 limit suit confine the tilt motion of the
antenna to +78°.

Section 6. Antenna Construchion

The whole antenna systenr consists of two na ¢ roveble and station-
ary. All antenna ClCmuﬁtG riovnced on the 1 T aru o e hous~
ing. Three lugs on the G cimr port are LOL . ening to the frome of
C‘i on riechanisi uwred on ton on the

oo

»,
a

are
tion
the cirereft. The tilt stabilin
(5]

"L

nachined part of the housing

A stecleup with fouvr ball vearings is fastened to the luvg in the
central part of the vase. The centire movoble pare of the anveuna is
ottoched 0 a hollow shofé ploced 'in the inside of the Lall-learing
A pin connection is mounted on tvhe lug, on the right and to the reor.
The £ilt linis microsiifenes ave loezted on tie sides of the base »ing
rigid tilt support is on the bottom of the rim. 4 special opening to
tiree threaded holes for secuwing the TeD-20-TR! vnit is located on the
botvlon reor.

G2
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The noveble pary L o ; T the wtom waich
noves in relation to the stabionc, perd dw :uv‘ : The
rovavle part is comlcd‘r* v“n:cc]ﬂ" with the seati b hld puro of the
entenna vith the help of a sector gear nounted e moveble antenn?d
bese »in. The rovable pore of t'w enverna Includes:

The base of the novedle port,

Parapolic rirrer ,

Planc mirvor,

Aziruth loop,

Aziruth bean deflection coirponen

Rlevation loon,

Elevation bean deflection cowpeneny, and

Scen conponeny.

A1l festeners cre on dhe moveule base, The paradolic mirror is
nounted on three rigid dugs of the base cnd is held by six sercvus. Ad-
Justing plates are nounted Lebiven $he mirror and the lvgs for obuiining
the proper focus. The .,ck.nnm{, nechenizn is located on mle votton I
on tie novable base. On the front of the moveble be sc, there is 2
chined lvg, in vhich the radictor is placed. The radiator rotate
two vall bearings held in a steel cup. The scanning mechenism is sealed.
The czimuth loop is mounted on the outer pard of the lug and is rocked on
vertical pivots with ball bearings. The aginuth corponc-u. is mounted
avove. licchenical "oun‘Jirr* netween the azimubh loop end the azimuth

cormonent 1s accomplished sith & sector geor mounted on the azinuvi loon.
The elevaiion loop is mounted in front in the cenura 1 part of the azlmuth
loon with the help of o ¥ horizontel pivots on ball bearings. The cleva-
tion component is mounted on the right on the aszimuth loop with the aid
of three screwvs.. The elevation limit sritch nounting plate end the
councer "n::i”nb arc nounted on the leiv. lee 433t 1init switeh catehes ave
nownsed on the lower part of the noveble base rin; buffers to prevent
hard stops during aircraft tilt e,cr‘cedzmr' 700 are installed on the rigit
end left.

-
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Chapter Five
THE TsD-29TF: "ATI=ITIN-EQUIVAIZIT COMIUTATOR
Section 1. General Description of the Unit

The wnit consists of R-F ond electromechanical sections. The
principel schemebic diagrem is given in Figure 15 (see diagram bool:).
~The TsD-20TPI! "entennc-equivalent " cormutotor ricles pozcible o
nodes of operaction of the set: ronsmittel and reception of ekzc“**o—
nagnetic energ; by the anbenna ond operation with the arvificial entenna.
Inclusion of the cormutator in the set's complencent malkes secret overa-
tion ‘of the set possible during testing and aligmuent. The conmutotor
ciiannels the energy into the ontenna or into the load 2bsorption channcl
on ccamand {ron tnc TsD-l2 Uﬂlu contiol pancl.

U

The elechironechanical sstem of the comwubator serves to turn the
roLor of the waversuvide switeh, to switch off the tronsmitter when the
[e] J
rogor ol the wevegulde switeh tums, and to indiccte wien encrgr” is
J v
rediated by the antenna.
Seetion 2. Technical Date
1. Prlse pedk power oy 100 Kw
2. Dircctlonal. covpler atienuoition 30 5 de
3. Ksv (standing wave ratio) of the waveguid
when opevating with the antenna, 1.5
nen orerating with the antenna
equivalens (maximam) 1.h
Blectric servo supply voliase ‘ 27
Yeight of the unit 3
Dirensions:
lencun
width

height

94
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The position of the rotor of tre wovegulde switeh corresponds with
the mode of operation with the antennd equivalent. “fhen the rotor turns
900 counterclosiniise, the encrgy wiil reach the cntenna. The entire
waveguide tract is secled. Tae body of the suitel consists of a hollow
cup with @ nernetically sealed cover. In the cup, there are three vave-
guide windows with geares flonges for connecting the flexivle section,
£he antenna input, ond the lood Sosoriber.

Tyo bell bearings, on iich the cormwbator rotor tuns, ave loccted
ot the votton of the cup ond cover. poll reces axe mounted in the cover
for holding the rotor in extrere positions. The rovor congisis of a
cylinder with wo weveguide indows set ab a 90° engle. For match-
ing the wavegulde channels, the rotor valls hove croe grocves for
electrical bonding of joinis of the rotor wavesuide windovs end the
tody. To prevent encrsy lenlnge between the rovor and the vody,
ferro-cpox; inserts, waich ohsorh the lealage, ave feshioned in the
walls of the rotor.

Tae Divectional Coupler

Tue Cirectionsl coupler in tle werenuide sysven 1s used for measure-
rent purpozes. Tie divectional coupler consists OF section of the
nain veveguide, o supplenentouy voveguide section, and 2 load euhsorier.
Flanges on the nein yaveguide coe for connecting the transmitting s shen
on onc end and for connecting the Flexible seetion on the othex. A
rectanguler, flange on the supplerentery weveguide connects the measurement
apparatus; the load ebgorser is insbtalled at the opposite end of tle
supplementary. waveguide. The main and the supplerentery waveguides are
welded along the wide wall.

1

v
i
”

Two round openings in contiguous walls are for electrical connection
tween the main and supplenentary vaveguides.

The Antenna Bquivalent

The entenne equivalent serves to asorh end digsipate the energy ien
using the trensnitier with the equivalent. It consists of a section of
weveguide with ettenuvetion wedges on the ingide.

!

The Connectixilg Weveguides

One connecting waveguide sexrves to connect the waveguide switcn
and the entepne equivelent. j ;
: . ‘ : ! .
| i | | .
The gecond comne ing wevegulde is {ntended for connecting ke
reasurerent epparatus to the dircctlonal coupler.

i
I
i
|
|
|
|
I
i
i
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Section k. The B’lectnrmcha lccﬂ Servo

The principle of dperatw' on of the elecironechanical servo is hased
on the property of magnels attracting unlike poles. In this servo, the
stator acts as the electromagnet with stetionary poles; the rotor,
with tle position-changing poles. Depending on the relauve no]'W ty
of the rotor end stetor, the rotor will rotate in ome or the other
direction. The poleriity change in the rotor is accorplished by chenzing ©

e cvrrent direction in the Tield coil.

The servo stator consists of a magnetic steel cylinder. Pole
terninals with the windings ave fastened with screuws inside the stotor.
The rotor winding is wound on the rotor, which is made of two halves
pulled tight with screws.

The V1 and V2 switch control cateh is mounted on the upper end of
the rotor shaft. The doz on the lower end of the shaft serves as a

g

connecyvion with the rotor of the waveguide switeh.
Sectvion 5. Description of the Circuis

Position of the seivo rotor in the circuit corres
sct's node of opercvion Wity the “nucnm ccuw]»u o
turned off. 'hen the "Izluch.-Dlvival." {radiction-cqui
toggle on G conbrol pancl is in the "Iz,lvch.;" position, %2'( vOlis

RN

is fed throuza pin 283129 to tie RL relay winding.

When contacts 7, 6, and L, 5 of the R rels- close, the rotor and
stator windinzs of the scrvo cre comnected in sexies and gre connescted
to tie +27-volt (aireraft) civevit. Uhen thvs comnected, Mifferent
polarities are induced at the ends of the rovor cnd statoryy tic wotor
rotates throvgh 900 (to the point of coinzidence of the opwdsins poles).

The noimwelly-closed contociz 1 an of V1 F.c., ol
swrite _17 oxen and break the +27-volt
nich-voltoze is suwitched on)j i
4
v

ne trongnitter at the waveguide inpu ing c‘.:c:n:‘.cl q..“cn]w‘f*

*-Q V1 misro-

The poziticn of the rovor is revained ‘m' o ball race.  then coavacus
1 and 2 of the V2 microsidich close, +27 vglis is supplied to D1 and,
stbzequently, to the TsD-32E0 wvalt fov swiﬁchinj on the high voltase.

For operation with the antennz equivelent, the "Izluch.-Elwivel.”
togzle is placed in the "Iivival." position. T‘ms removes the +27-

volt potential from »in 55122. The Rl reley is de-energized. Con-
toets, O, 7oon © bhe D1 zelyr closz. then thus cO“.scc{.e“,
Ltia At Tl a0 A RS ) sty T A »‘--""~ “""‘O. ‘-\« L
Ve '-\.__-. RS W - . - - iy mmmees Ses eee ) PRSI .

relovive ‘o:“:it;, on between the rotor and stabor
0 PO
tue rotor rotatesg €OV in the reverse Civection.

96
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As the rotor turnc, contoets 1 cnd 2 of the V2 nicrosvitel open;
the +27-volt potential is toalien off D1, and, lhence, off the TsD 32'11

wnit wntil contacts 3 and b of V2 close.

Thus, channel selection of the waveguide swiltch is assured wish the
help of 4he servo when changing the set's mode of operation.

i
i
|
|
F
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Chapter Six

T5D-25TK SYNCHRONIZATION AND SUPRFSSOR UNIT

Section 1. General Characteristics of the Unit
The TD-25TK unit is designed to:

1. Form pulsecs for synchronizing the operation of all u~its of the
radar;
2. Protect the radar from random pulse noise;

3. Protect the radar' from regular pulse noise appearing during the
gecond period of operationi of the radar;

L. Select reflected pulses on the basis of dwration;

5. Receive the integrated signals of the target.

Section 2. Basic Technical Data
The following pulses ére received by the TeD-25TK unit:

1. Target video pulses (noise) from TsD-33 receiver, with sumpli-
tude of 10 2v and pulse repetition rate of T9 pps.

2. Artificial target blip in the "noise" mode from the Td-26TK
unit, with amplitude of 35 % - 5v and pulse repetition rate of T9 pps.

The following pulses are fed from the T;D-25TK unit:

1. Integrated target pulse to theTD-36 unit, with pulse repeti-
tion rate of T9 pps and amplitude of 25-LOv;

2. Syac pulses toTiD-36 and TsD-33 units (wobbulation), with pulse
repcetition rate of T9 pps in the scanning mode and T19 pps in the siming
mode and mmplitude of 35-T0v;

3. Sync pulses to BD-37, BD-46, and WD-26TK units (in'boise” mode)
with pulse repetitidn rate;of T9 pps in the scanning mode and T19 pps in
the aiming mode and amplitude of 50 -X - 1ov.

k. Trigger pulse for the intensity pulse-forming circuit (in aim-
ing mode) toBD-U6 sweep unit, with pulse repetition rate of T9 pps in
scanning mode and T19 pps in the aiming mode, swplitude of L5 *10v, and
delay of the leading edge of the pulse from the master blocking oscil-
lator of 8.5-20 usec.

5. Trigger pulses of theT8D-33 SLARU (AGS) unit, with pulse repe-
tition rate of TY pps in the scenning mode and T19 pps in the aiming
mode, amplitude of 60-80v, idelay relative to the sync pulse in the scan-
ning mode and aiming mode, and wobbulation of 50% 25 usec;

Pulses of the master blocking ascillator to theT8D-L8 unit,
with pulse revetition rate of T9 pps in the scarning mode and T1Q vos
in the aiming mode, amplitude not less than 30v, and duration of 8.5-20
usec.

Sanitized Copy Apprved for Release 21 1/0331 : CIA-RDP820038R0018001900-
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( ?he unit is designed for operation with an ultrasonic delay line
vzLz).

Power for the unit is from the following sources: 115v i 4% AC cir-
cuit, 600-900 cps, with current not greater than 0.7 amp; & stabilized
DC current, +250 % 2v, with current not greater than 0.065 amp; & sta-
bilized DC current, 450 + 2v, with current not greater than 0.065 amp; &
stabilized DC current, -250 * 2v, with current not greater than 0.02 amp;
a +¢27v DC current, with current not greater than 0.13 amp.

Section 3. Description of the Circult of the Unit

The main circuit of the unit is shown in Fig. 16 (see diagram book)
and consists of four basic circuits:

1. synchronization circuit, forming trigger pulses for theTaD-36,
®D-37, BD-46, andTED-26TK units and the blanking pulse for the PD-33
I-F amplifier;

2, wide gate width circuit;

3. circuit for randon noise suppression and target pulse integra-
tion;

4. suppressor circuit .for regular noise appearing during the se-
cond period of operation of the radar.
In addition, there are auxiliary circuits in the unit:
5. ARU (automatic frequency control) circuit for UPCh-10 I-F ampli-
fier; , - .
6. ShARU(automatic gain stabilization) pulse-foruing circuit.

1. Synchronization circuit consists of:
11 master blocking oscillator; :
L4-3 and Lh-k 10 mc modulator and oscillater ;
UZLZ uvltrasonic delay line; ;
10-mc I-F anplifier (UPCh-10); !
sync pulse blockirg oscillator (left half of L1l);
wobbulator (D14, D15, L3-7 = L3-9);
I12 wobbulbted pulse blocking oscillator;
delayed pu}se blocking oscillator (right helf of 113) .

The basic stage in the synchronization circuit is the L1 master
blocking joscillator. During operation with tke ultrasonic delay line the
blocking oscillator transfers to the self~sychronizetion mode and its re-
petition period is set by the delay time of the delay line. A negative
pulse from the Ll master blocking oscillator is sent to the Lh-3 modula-
tor, which triggers the Lh-l cscillator.  The oscillator produces pulses
of ultrasonic frequency within the width of a pulse of the master blocks
ing oscillator. The?highwfrequency puls#e are sent from the oscillator
to the ultrasonic delay line, where they jare delayed and sent to the
UECh-10 (LS-1 - L5+6). In the UPCh-10 the slgrals are anplified and de-
tected and sent through the video amplifier and cathode follower to the

: |

9




. I :
buffer grid of the ¢aster blocking oscillator, triggering the latter.
Thus, the completeddelay circuit is formed: uaster blocking oscillator-
modulator - oscillator - ultrasonic delay line - UPCh-10 - master blocking
oscillator.
[

In this case the master blocking oscillator operateg in the self=- .
synchronization mode and its repetition period is equal to the delay time
of the ultrasonic delay line (UZLZ) - 1/T9 usec.

In the aiming ﬁode a +27v conmand is sent to the 42R5-1 relay for
changing the repetition rate of the masterblocking oscillator. During
the operation of the L2R5-1 velay a plate voltage is supplied by the two
stages of the UPCh-10. As & result of this, the delay circuit: master
blocking oscillator - modulator - oscillator - UZLZ - UPCh-10 is broken.
In addition, during the operation of the Rl relay an impact excitation
circuit - previously incompletely shorted - is cut in to the circuii of
the master blocking oscillator. Thus, the repstition period of the mas-
ter blocking oscillator in the aiming mode is no longer set by the delay
time of the UZLZ but is stabilized by the impact excitation circuit and
is equal to 1/T19 usec.

A negative pesk from the master blocking oscillator, ceinciding
with the trailing edge of the blocking pulse, triggers the sync pulse
to blocklng oscillator (1eft balf of L1l), sending positive pulses which
trigger the intensity pulse~-forming circuit (in the aiming mode) in the
R’D-46 unit. Negative pulses from the plate load of the master blocking
osclllator are used to trigger the commutator circuit of the wobbulator
and dewobbulator. Positive pulses from the cathode load are used for
gating the automatic gain control (ARU) of the UPCh-10, the coincldence
circuit, and the circuit for the video amplification of the dewobbulated
pulses; they are monitored in theVED-48 unit. Positive pulses'from the
sync pulse to blocking oscillator are sent to the wobbuletor (Dlh, D15,
L3-7 = L3-9), from which the wobbulated pulses trigger the L12 blocking
oscillator.

The wobbulated pulses from the L12 blocking oscillater trigger the =
7mD-36 unit and blank out theTBD-33 receiver of the I-F amplifier (UpCh).

The dewobbulaﬁed pulses ty, held in the delay line of the wobbulator
(L3-7 - L3-9), trigger the sync pulse blocking oscillator (right balf of
113), from which sync pulses trigger units®D-37, TED-46, and ED-26TK (in
the "noise” mode). :

2. Wide Gafe Width Circuit

The wide gate width circuit consists of:
a) limiter (left balf of L3) and video amplifier (right half of L3),
b) L1k pulse duration selector.

/00
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The siguels refiected from the target pass from the®D-33 receiver
to the limiter (left balf of L3), tue load of which is the L3-b delay
line, grounded at the end. At the output of this equipment appear two
pulses of equal duration, with opposite polarity, and delayed relative
to each other. The amount of delay is determined by the duration of the
incoming pulse. The positive pulse.of this pair passes immediately to
the L1k duration selector circuit, and the negative pulse is held up by
the L3-5 and 13-10 delay lines and then also passes to the L1k duration
selector circuit through the video amplifier (right half of L3). Signals
appear at the output of the selector only in the event that both pulses
colncide in time. The parameters of the limiter, video amplifier, and
duration selector are selected in such a way that a pulse will appear at
the output of the selector only when the duration of the incoming pulse
i8 not greater than 2.5 usec. When the "Passive Noise Suppression" tog-
gle switch is placed in the "Higher" position, a 4¢27v is fed to the 25R3
relay. The operation of this relay disconnects the pulse width gate.
Target pulses of any duration will appear on the indicator scope for a
range corresponding to the trailing edge of the target pulse.

3. Circuit for Random Noise Suppression and Target Pulse Integration

The circuit for random noise suppression and target pulse integra-
tion consists of:
a) dewobbulator (D6, D7, delay limes L3~1 - L3-3);
b) L4 video amplifier of dewobbulated pulses;
¢) videc amplifiers Lh-1 and Li-2, modulator Lh-3, oscillator Lhi-k
of the 4PZ-S component;
UZLZ ultrasonic delay line;
YPCh-10 I-F amplifier;
L5 coincidence stage;
~“ideo amplifier and L6 cathode follower; .
integrated pulse cathode followeri(right half of I1l).

The main stage of the random noise suppression circuit is the L5
colncidence stage, whose tube conducts only when two signals coincide
on its grids. Video pulses and noise from the PD-33 receiver, selected
on the basis of duration, pass through the' dewobbulator to the Lk de-
wobbulated pulse video amplifier. From th? video amplifier the pulses
and noise pass to the colucidence stage and, at the same time, to the
delay circiit: L4-2 video amplifier, Li-3| modwlator, Lk-h oscilletor,
UZLZ ultrasounic delay line, and UPCh-10 I-F smplifier.

The pulses, delayed in the UZLZ for the dwration of the repeti-
tion period, pass to the coincidence stage. In the coincidence circuit
the first’ target pulsé, delayed in the UZL% for the duration of the re-
petition pkriod, coincides iy time with the second non-delayed pulse,
coning straight to the coinc{dencexcircuitp As a result, the target
signals, which are amplified by the video amplifier in the left half of

i
i
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L6, are sent by the coincidence circuit to the output and then to the
®D-36 unit through the cathode followers (right halves of L6 and I11)
ouly at the instant of colncidence of the pulses.

To compensate for loss in sensitivity in the coincidence stage a
positive feedback circuit is introduced. Pulses vassing through the co-
incidence stage are sent to the Lh-1 video amplifier of the 4PZ-S com-
ponent, where they are added to the direct, non-delayed pulses: i.e.,
cumulative addition of the signal takes place from pulse to pulse - the
effect of integration. :

Coincidence of a direct and delayed pulse does not occur in the
coincidence circuit when random noise enters the unit, since random
noise has a different repetition rate from that of the radar. Conse~
quently, random noise does not pass through the coincidence circuit
and does not reach the PD-36 unit.

4. Circuit for Suppression of Regular Noise Occurring During the Se~
cond Period of Operation of the Radar

The PD-25TK unit includes circuits designed to protect the radar
from regular pulse noise occurring during the second period of opera-
tion of the radar. These are pulses reflected from the ground and lo-
cal objects having the same repetition period as (the target pulses but
arriving during the second period of operation oé the radar, due to
the greater distance. To protect the »adar from this regular noise,
wobbulator and dewobbulator circuits arel introduced which use the same
channel as that used to suppress random noise.

i

: !

The wobbulator and dewobbulstor are controlled bly the pulses which
enter the wobbulator and dewobbulator circuits from the commutator in
opposite phase. Sync pulses from the syuc pulse to Ylocking oscillator
(left half of L11) pass to the wobbulator. The wobbulated pulses from
the wobbulator trigger the L12 wobbulated pulse blocking oscillator,
generating pulses which trigger the PD-36 unit and then the Pd-32Tk
transmitter.

Wobbulated target pulses, selected on the basis of duration, are
sent from tne receiver to the devobbulator. In the dewobbulator the
pulse repetition period is dewobbulated:‘i.e., the sync pulse repeti-
tion period of 1/T9 usec is reestablished. The repetition period of
regular pulse noise appearing during the second Period of operation of
the radar is not reestaflished in the dewobblulator because of the vari-
ation in phase of the switching voltage in the dewobbulator. As e re-
sult, target pulses at the output of the dewobbulator will be synchro-
nized and have a repetition period of 1/T9 usec, while regular pulse
noise appearing during the second period of operation of the radsr is
unsynchronized and will uot pass through the coincidence circuit 1like
any random noise.
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5. UPCh-10 Automatic Gain Control Circuit

The UPCh-10 automatic gain control (1.2) is designed to maintain a
constant transmission factor in the integration channel during fluctua-
tions in the power voltage, temperature, and other operating conditions
of theTD-25Tk unit and the UZLZ ultrasonic delay line.

The automatic gain control operates only with sync pulses from the
master blocking oscillator. When a sync pulse arrives at the iuput of
the. L2 circuit and is aligred in time with thegating pulse of the Ll
master blocking oscillator, & negative.DC voltage is fed from the out-
put of the AGC circuit which is used to control the amplification of the
first two stages of the UPCh-10.

During fluctuations in the amplitude of the pulses from the UPCh-
lo the negative DC voltege st the output of the automatic gain coutrol
circuit varies. As & result of this, the transmission factor of the
UPCh-10 varies and thus assures a constant amplitude of the pulses at
the output of the UFCh-10. .

6. ShARU Pulse-Forming Circuit

This circuit includes the following stages:

a) delay phantastrou (L7 and left helf of L8);

b) ShARU pulse blocking oscillator (right half of L8);
¢) ShARU. cathode pulse repeater (left half of L13).

The L7 phantastron is triggered by positive pulses from the block-
ing oscillator of pync pulses tg+ 5 (right half of L13). The delay
phantastron operates in two modes which are determined by the character=-
istics of the ShARU circuit.

In the scanning and aiming modes the ShARU pulse blocking oscil-
lator (right half of L8) is triggered by the differentiasted trailing
edge of the pulse from the phantastron. -ShARU pulses from the blocking
oscillator pass through the cathode follower (left half of L13) and
trigger the ShARU circuit in theT®D-33 unit.

When the ShARU is gated, the radar is protected from overloading
of the receiver with ground pulses by wobbulatlng the ShARU pulses.

To prevent triggering of the master blocking oscillator by noises
occuning in the nolse zone of the SbARU, pulses from the ShARU are sent
to the L1k pulse width discrimirator, blanking it during the operation
of the ShARU. b
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Section 5. Comstruction of the Unit

Physically, theT®D-25TK consists of the following elements:
8) chassis;
b) horizontal panel;
c) forward panel :
The .chassis connects all components of the unit and on its after
side are control pins for securing the unit in its cradle.

The unit is locked in its cradle et two points. On the forward
panel are located:

&) socket 8h2j;

b) coaxial sockets F5 and FB and high-frequency cables from va-
rious components;

¢) monitoring Jjacks Gl - G12;

d) control resistor R30 "amplification".

On the horizontal panel are located:

a) electron tubes Ll - 11k

b) UPCh-10 component, housed in a seperate frame, which is con-
nected to the unit by means of socket Sh2;

c) 4Pz~ driver component, housed in a separate frame, which is
connected to the unit by means of socket Shl;

d) transformers Trl - Tr6;

e) delay lives Lz-1 - Lz-T - 12-9, Lz-10; .

) pqtentiometer for regulating bias on control grid of RGO coin-
cidence circuit;

g) L1 inductence coil.

Under the horizontal panel are located:

a) wiring and related elements;

b) delay line Lz-6;

¢) Tr7 pulse transformer;

d) potentiometer for regulating bias on suppressor grid of "R5L"
coincidence circuit;

e) relays Rl and R2.

The weigat of the unit (without the UZLZ) is not more than 5.4 kg.

The dimensions of the unit are 194 x 105 x 376 mm.
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Chapter Seven

TsD-32TK RECEIVER-TRANSMITTER UNIT

Section 1. General Characteristics of the Unit

TheT®D-32TK receiver~transmitter unit does the following:

&) gererates powerful radio-frequency pulses of short duration;

b) converts reflected target pulses into I-F pulses and preamplifies
then;

¢) converts pulses in the Xklystron automatic frequency control |
(APCHK) channel generated by the magnetron into I-F pulses and pre-
amplifies them;

d) automatically fine tunes the local oscillator in the reglon de-
termined by the points at which the power of the klystron is equal to
half of the maximum.

The unit can be divided into two basic components: transmitting
component and high-frequency component, depending on the function.

A. The transmitting component consists of e sub-modulator, mo-
dulator, magnetron, and rectifier for supplying the sub-modulator and

- modulator.

The sub-modulator forms pulses of rectangular fornm, ensuring the
necessary duration of a high-frequency pulse.

The modulator aemplifies the pulses of the sub-modulator and trig-
gers the magnetron, generating high-frequency pulse signals.

B. The high-frequency component consists of a main waveguide,
balanced mixer of the PUPCh (I-F preamplifier), local oscillator with
APCEK mixer, PUPCh circuit, and APChK (klystron automatic frequency
countrol) circuit.

C. The high-frequenéy component of the unit transmits and re-
celves high-frequency signals, couverts them into I-F signals, and
maintains a constant intermediate frequency.

The weight of the unit is 34 kg.
Current required:

115v circuit, 400 cps, not more than 5 amp;
115v circuit, 600-900 cps, not wore than 1 amp;
+27v circuit, oot more than 6.1 awp.

A schematic diagram of the unit is éhown in Fig. 17 (see diagram
book)

N
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Section 2. Description of Unit Cirultry
A. Transmitting Section

fPosltive snychronlzing pulses with an amplitude of 40-60 v flow to an
amplifier comprised of the left half of tube 11-1. The amplified pulse
activates submodulator which is assembled according to the circuit for a
blocking oscillator on power-beam tetrode, Ll-h. Relay R1-2 in the sub-
modulator functions in the scanning mode and counects capacitors Cl-16 and
C1-18 to produce the h-f duration Ts. In the aiming mode capacitor Cl-6
1s switched in to form Tsl. ‘

The right half of twbe Ll-1 is a restorer diode which i1s used to en-
swre & shorp drop of blocking oscillator pulse.

Blocking oscillator pulses flow to the modulator from the submodula-
tor. Modulator functions as a clrcult with a storage capacltor. The
high-voltaze rectilier capacitors C2-1 and C2-2, operating as a full-vave
clrcuit, are used as storage capacitance. :The rectifier charjes the stor-
age capacitor.. Capacitor C2-2 is charged throuzh a speciel charging cir-
cult which'also includes the magnetroan-current measuring circuit.

Pulses, forued by the blocking oscilletver, open the modvlator uvon
reaching the modulator tubes. A power pulse is formed which flovs to the
magnetron. bMagnetron preheating is performed by Tr2-3 filameat transform-
er which is switched in at the same time high voltage is switched in. This
switching is eccompolished vie relay R2-1 whose winding is supplied with
£27 v when toggle switch ("VKL. vysokogo") on the TsD-L1UIPM panel is
turned on. Then, 115 v at 400 cps flows from magnetron filament trans-
former Tr2-3 to high-voltage transformer Tr2-1.

Blockinz-oscillator-tube plate voltage (f1450 v) comes from a recti-
fier which uses thyratrons L1-3 and L1-5 in a full-wvave circuit. All re-
maining voltage flows from the rectifier voltage divider at -900 v. This
rectifier uses L1-2 thyratron in a single half-vwave circult and produces
pover for the arrester clrcult of the deley line in the h-f section of
the unit.

Using tozzle swlteh PX-1 the primery windings of trensfommers Tre-1

and Tr2-3 are switched from the wobvulating frequency power supply to &
fixed frequeacy supply.

B. Radio-Frequency Section
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The following components are found in the section:

1. Main wavegulde.

2. Slgnal channel balancing mixer.

3. Heterodyne with APChk mixer.

4, 1-f preamplifier PUPCh.

5. Klystron frequency fast tuning component APChK.

A power r-f pulse, gererated by the magpetron, is transaitited to main
wavegulde consisting of & waveguilde slot bridge, ferrite cireulator and
double-tt at the unit output. Mair waveguide protects magnetron from load
fluctuations by maintaining constant frequency to magnetron. Received ech-
os from the target and r-f pulse signals of frequency fe-fm proceed to u-
nit input and are directed through arrester and double-tee to crystal de-
tectors D1 and D2 of signal channel balancing mixer. Variable attenfuator
Al and double tee transmit & continuwous r-f signal from heterodync to ba-
lancing mixer via the coaxial waveguide juncticn.

Intermediate-frequency pulses flow to inpub circuit of i-T preampli-
fier PUPCh from balancing mixer output. The i-f pulses, amplified by three
stages of PUPCh (Lz-1, Lz-2 and L2-3) are sent via r-f cable ¥l to i-f
emplifier UPCh in uait TsD-33.

Radlo~frequency heterodyne L1 operates signal channel and APChK. Se-
paration of r-f heterodyne signal is done by the double-tee. From one
branch the r-f signal is directed to mixer signal through coaxial vavegulde
Junction, The r-f signel from heterodyne is transmitted to APChK mixer-
erystal detector D3--from second branch through varieble attentuator A2
and directional coupler. !

Radio-frequency pulse signal from megnetron of maln waveguide is al-
so transmitted to APChK mixer through variable attentuator A3, coaxial
wavegulde junction and directional coupler. Intermediate-~frequency puls-
es are transmitted to input circuit of APChK component. In the APChK
component i1-f pulses are amplified by two UPCh stages, Li-1 and Lh-2 and
flow to frequency detector Lh-3 where videopulses rrom the detector are
amplified by vidcoamplifiex ILh-4 end go to pulse detector comprising the
left half of tube Lh-6. The de voltage, split at pulse detector, flows
to transitron oscillator Lh-5.

Transitron osLillator ‘can operdte in saw-toothed voltaze mode(¥search"
mode) and in & mode of dc amplification (APChK mode). Transitron oscilla-
tor operates in the "Search" mode when difference of magnetron and Klystron
signal frequencies is not equnl to intermediate c“'.req.uency and when there
s no signal from magnetron (transmitter| turned,or disconnected). ihen
magnebrop and klystron frequency differepnce 1is cloue or equal to I¥ the
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transitron osecillator operates in de amplification mode. Amplificetion of
the stage in this instance depends on magnitude of negative voltage ap-
plied to the grid which, in turn, depends on amplitude of pulses from vi-
deoamplifier L4-I and increases with increasing frequency difference. Saw-
toothed voltage (in "Semrch" mode) or dc voltage (in APChK mode) is trans-
mitted from transitron oscillator output to cathode follower (half of tube

I4-6). Control volteze is sent from cathode follower to klystron reflec-
tor plate X-27 for fine frequency tuning.

Klystron frequency tuning can also de done manually from panel TsD-4S,
Here, transitron oscillator, using relay Rh-1, is disconnected from cathode
follower. Voltaze to klystron reflector plate is transmitted from cathode
follower. :

Section 3. Description of the Circuit
A. Transmitting Section
1. Submodulator

The submodwlotor consists of an amplifier using left h2lf of tube Ll-
1 (6MLP-V), blocking oscillator with external pulse excitation on a full-
wave beam tetrode Ll-I (GI-30) and a staze which expedites restoration of
circuit to right half of tube L1-1 (GIP-V).

Syn:hronizing pulses-with an amplitude 'of 40-60 v and period of O.4-
éQ.2 microsec from unit TsD-36 flow throush capacitor Cl-1 to amplifier
grid (left half of tube Ll-1). Pulsc transforwer Trl-l serves as ampli-
fier load. Grid leak R1-1 is connected in the tube grid circuit. Ini-
tial amplifier mode is determined by the load develcped by autonztic bias
circuit (RI-3 end CI-3) connected into tube cathode circuit.

I

Synchronizing pulses flowing to grid can be monitored with jack Gl-1.
Positive pulse from secondary wirding of pulse fransformer gozs vo block-
ing oscillater trigger.-

Amplifier pover 1s:a rectified loed of -250 v which is talien from
resistors E1-6 and R1-5 of divider R1-2, aad resistors R1-32, R1-6 and
R1l-5. The above-mentioned divider is a rectifier load of "-900 v" in
tube L1-2.

Blocking oscillator Ll-l forms pulses of given length which are con-
trolled by modulator.
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Relay R1-2 i3 connected in scan mede end switches in pwlse—~forming
capacitors (1-16 and €1-18 between screen and control grids of blocking
oseillator Ll-k. In the aiming mode (when "Zakhvat" lock-on) button is
pressed\rel&y‘ﬁl-2 {s disconnected and capacitor C1-6 switches to block-
ing oscilletor circuit.

Both halves of blocking oscillator tube are comected in parallel.
Pulse transformer Trl-2 provides blocking oscillator load. Until syn-
chronizing pulse reaches blocking oseillator, its tube conbrol grid is
cut off by a hegative voltage of -1l to -15 Vv, taken from resistor Ri-5.

Upon triggering blocking oscillator tube with emplifier pulses,
plate current storts to rise in tube plate circult. A strong fecdback
between transfoimcr plate and grid winlings causes rise of positive vol-
tage in tube grid and this, in turn, leads to an even larger incrcase of
plate current

The process of plate current rise due to increase of positive poten-
$ial et the grid occurs in en avalanche-like manner. Steepness of pulse
edge grovth 1s determined exclusively in this case by magnitude of spuri-
ous parameters—-inductancc dissipation cnd aistributed capacitance of
transformer windings.

Since tbesc blocking oscillator paramctérs are very small, the grovih
bf .. pulse edge vhen triggering oscillator tube oceurs quite repidly.
Further inerease in plate current due to saburation 1s retarded, voltuge
rise at the tube grid is diminished, and equilibrium soon established in
the circuit. This equilibrium corresponds to the formation of the flat
section of the pulse.

With voltege decrease &b the tube grid,Jdue to strong fecdback, a
rapid decrease of tube plate current will toke place. Tals process also
oceurs in an "avelanching" manner 8s @& result of which the tube
is quickly cut off. The next amplified synchronizing pulse will open
blocking os¢illator tube only after pulse-forming capucitor is discnorged.
Accelerated!discharge‘df forming capacitor is called restoration of the
circuit, accomplished by right half of twve Ll-1, which 1s connected with
a diode. When connecﬁ#ug or switehing in tubes, discharge of copacitors
C1-16, Cl-l? or 0176 ?? shunted. by open diode D1-1 and emall resistor R1-9.
i Vel *

For purposes of guppressing possible parasitic oscilletions to plate
and grid éégcuit of blocking opeillator, anfjiparasitc resistors R1-16, Ri-
34 and R1-22 are comr sted respectively. FPlate voltage to blocking oscil-
lator is 1,450 v. PuJ;E amplitude to plete winding of transformer is 900
v. Positive pulse?(?ﬁb v) is taken from output windings 7 end O of block-
ing oscillator trapslérmer and transmitted Fo control grids of modulator

|
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tubes. To suppress possible perasitic oscillations in Trl-2 transformer
windings, the latter are; shunted with resistorisl-le, R1-13, R1-19, R1-
23 and R1-23. :

To check operating status of submodulator there cre special monitor-
ing jacks to monitor followlag:

1) Gl-l--synchronizing pulse fron it TsD-36;
2) Gl-2--blocking oscillator triggering pulse;
3) Gl-3--pulsc going to unit TsD-12

From jack Gl-3 the positive pulse going to unit Psp-h2 is taken. This
pulse is called "Start-Pulse" because it coincides in time with the r-f
pulse being emitted by the magnetron.

2, Modwlator and nmagnetron oscillator

The transmititer medulator is comprised of two-beam totrodes Ll-6 and
L1-7 connected in parallel with partial discharge of storcd capacitance.

High-volteze Tilter capacitors €2-1 and c2-2 are utilized os storaze
capacitor. Betucea pulses, modulator tubes are blocked because there is
a bias voltage of =280 to -250 v at their screen and control srids deve-
loped by meuns of crid cwrrents, circuits consisting of resistors R1-23,
R1-12 and R1-17 cnd windings of relays Rl-1 and C1-8.

Between pulses the storage capacitors C2-1 and (2-2 are chorged from
high-voltage rectifier made up of kenobtrons 12-1 and L2-2 whici function
as a full-wave circult {component 2). Capacitor C2-2 is charged via the
cireuit consisting of resistors R2-1, B2-2 and R2-3. Resistors R2-2 and
R2-3, shuanted with capacitor C2-3, arc disigned to measure majhetron cur-
rent. Total resistance of R2-2 and R3-2 is selected so thet the voltage
from these resistors is numerically equal to magnetron pulse cwrrent, el-
pressed in ampercs.

When trizgering pulses reach the nodwlator tube grids the capacitor
is discharged to the mognetron via open modwlator tubes whose resistence
drops to 50 oxm. A negative pulse with durction Tg or Tgy microsce, cor-
responding to dlocking oscillator pulse duration, is forned at the magne-
tron cathode at this time.

After blockinz oseillator pulse completion the circuit nust be rapid-
1y restored (nust quickly discharge parasitic capucitances). Cepocitunce
of stora_e cannaifors 1o caleulotai so thoks during tim2 of pulse there
would be no noted GuEredss of voltage belnd fransnitted to maznetion.

/10
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Simultencously, these same capacitors, being filters, enswre {latten-
Ing of voltage pulses at rectifier outpub. When positive subnoduletor
pulse terminates, the modwlator tubes are blocked end process of toosting
storage capacitor C2-1 and C2-2 charge up to a voltage close to poucr
source voltaze 1s initiated.

To supprass entiparasitic oscillations in the modulator in its con-
trol grid circuits, antiparasitic resistors R1-29 and R1-31 are switched
in, Trensformer Tr2-3 is used to prehzet maznetron. A voltaze of 115 v
(400 cps) is trensnitted throush the normwlly closed contacts of relay R2-
1 to primary winding.

Upon triggering relay R2-1 a load of 115 v 1s swltched out of magne-
tron filament transformer Tw2-3 and flows to primery winding of hish-vol-
tage transformer Tr2-l thus starting high-Trequency oscillator. A pack-
aged meguetron L2 is used in the transmitting unlt as a high-frequency
oscillator.

Magnetron cwrrent 1s cepulated by suitching branches of the high-
voltage tronsformer primary winding. The tvo-wvey magnetron cwrient switch
is located under wiit cover. Relay R2-1 i1s cub in when load to i% is 27,
passing into the wnit alfter triggering the time relay which is located in
unit TsD-b2 end alfter switehing on togile suiteh "Vys. vkl." on the panel
of TsD-BIUTFM. A circuit of /27 v from TsD-LIUTPM panel is closod via re-
lay R1-1 contacts. These coutacts can b closed only when there 1s sub-
modulator tube cwrent. Tals prohibits a high-voltaze inflwc if no syn-
chronizing pulses are present.

To ensure safe working conditions duwring unit repalr the hish voltage
is turned off for cover rcmoval.

A load of 115 v (40O cps) is transnitted to primary windins of trans-
former Trl-3 through the normelly closed relay Rl. Upon lewaring uait
pressure to 0.8 atm the contacts of pressure transducer RD-1 arc closed
and the current to ground is transmitted to relay Rl windinz. The relay
is triggered and relay contacts opened altber de-energizing a load of 115v
{at 400 cps) from primary winding of transformer Trl-3. Thus plate and
grid circults of amplifier and submodulator tubes are de-ener;zized end
possidble inf{lux of high voltage 1s averted. In this way protection of
possible breakdowns at reduced pressure 1s achieved.

3. Rectifier
Submedulator receives plate pover supply (/1,450 v) from the recti-

fier which comprises a full-wave circuit with non-filament thyratrons Ll-
3 and L1-5.

1
{
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A negative load of 900 v flows from rectifier composed a3 a single
half-wave rectifier with non-filament thywatron L1-2. A voltcge divider
is comnected to rectifier output. The voltage divider consisvs of resis-
tors R1-2, R1l-32, R1-6 and R1-5.

112
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B. Radlofrequency Section

1. Main Wavegulde

The main vaveguide is intended to facilitate transmitting and recelv-
ing operations from the same entemna.

Transmitting work is provided with protvection of crystal detcctors
Dl and Dg of the balance mixer from burning out end the recelving channel
input of 'the PUPCh is protected from the action of poverful magactron im-
pulse during RF siznhal radiation.

Recelving vork is insured of rf signais reflected from the tarcet en-
tering the input of the balance mixer with least losses in the nmagnetron
oscillator circuit.

The ‘main waveguide consists of an AR tube, a waveguide slit bridge,
ferrite circwlator, double tee, end a liniting attenuator in the APChX
system,

The basic property of the ferrite section lies in the fact that on
distribution of energy along waveguides in which ferrites zre installed
along a narrov wall, in the presence of a %transverse magnetlc field the
distribuﬁion phase constant changes. The change in phase coanstant depends
on the magnitude end direction of the wagnetic field, on the direction of
energy distribution, and on displacement of the ferrite relative to the

axls of symmetry of the waveguide,

As & result of selected dimensions in the ferrite plates, selected
magnitudes of the nagnetlc field and the plate displacement relative to
wavegulde &xis, the wave phase leaving the ferrite section is changzed h5°
in each chamnel. Due to a definately selected direction of the external
magnetic field and displacement of the ferrite plates relative to the di-
rectlon of enerjy distribution, one chamnel has & phase lez and one chan-
nel has an advance.

In this menncr phese differences in waves formed as a result of the
slit bridge are compensated,

2. Signa} Balance Mixer E

The‘bignal balance mixer is onec of the elements of the receiving chan-
nel and it provides high sensitivity. The balence mixer is assembled as a
double tee. The crystal detectors Dl end D2 are equally spaced in the arms
of the &opble tee, ?

"ni ’
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To provide for a minimum coefficient of noise in the receiver each
crystal is fed an RF output of 0.2-0.6 millivatts from the local oscilla-
tor, which corresponds approximately to 1 To.2 millemperes detector cur-~
rent.

The detectors are placed in the detector heads asscmbled in the T-
shaped wavezulde.

Wavegulde dimensions are selected so that the wave resisvence will ap-
proximate the active crystal resistance, and the reflections caused by the
crystals and holders will be compensaved by reflections from short-cir-
culted walls placed behind the crystals.

3. Local Oscillator With APChX Mixer

A reflecting klystron is used as a local oscillator Ll of the radlo-
frequency section of unit TsD-32TK. A potential of‘%300 volts ic applied
to the klystron resonator in unit TsD-32. The klystron is situated in a
spacinl holder. The RF energy of the Klystron is fed vis a coaxial ceb-
le through a round orifice protected with » trap. The wovesuide, into
which the xlystron encrgy output is fed, is a shoulder H of a double tee
(analogous to the signal mixer tee), vith vhich the Klystron erergy 1s
divided into tuo chamnels: a signal chamnel and the APChY channcl. The
shoulder of this tec terminates as coaxial-wavegulde Junction, with which
the RF signel enbers the signal mixer from the local oscillator through
cable No 1.

The coaxial-vavezuide Jjumction is a junction from the wavezuide to the
cable. The central conductor of the cable ends in a pear-shaped temainal
and enters the wavesuide in the middle of a broad wall perpendicular to
its surface. The distance from the short-circuited wall of the junction
to the axis of the cable and all dimensions of the pear shape arc experi-
mentally chosen frowm conditions giving maxinum signal trensmission from
the local oscillator to the mixer.

A directional coupler serves to feed the signal from the local oscil-
lator and magnetron to the APChY mixer. The directional coupler conslsts
of two waveguides with a common wall., This wall has four coupling open-
ings. : ) N
4. Intercdiote Frequency Preamplifier

N
The intermediate frequency preamplificr (PURCh) is a part of the in-
termediate frequency amplifier; and is made up in a separate wait, the

layout toking into accowat the given sengitivity. ~The PUPCh contains an
input circuit, which is a coupling element with the balanee nimnar, and an

114
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amplifier made up oQ tubes Lz-1l, Lz-2, Lz-3. The irput circuit conﬁists
of the input elements 13-5, C3-7, L3-6, €3-8, L3-7, L3-8, €3-10.

Tae input circuilt is on the balance principle and is desizned to pro-
vide a minimun noise coefficient. The input eleuents consist of trans-
formers with four vindings, the primary windinzs L3-5 and L3-6 are con-
nected each to its secondary windingz, and the secondery windings L3-7 and
L3-8 meet each other. This kind of winding provides for combininz of
counterphase voltases of the useful siznal end nutuel elimination of in-
phase nolse voltased. The degree of noise suppressien depends oa the lay-
out symmetry and 1s of the order” of 15-20 db. The quality fector of the
secondary windings and the coefficient of transformatlon of the circult is
chosen frem conditions which provide a minimum noise coafficient. The co-
efficient of transformation is 2-3.

Each pair of windings L3-5, L3~6, 13-7, L3-8 is tuned to intermediate
frequency with trimmers ¢-3-7, €3-3, ¢3-10.

The PUPCh concists of three emplificr stazes. Tha first tuo stages
_L3-1 and L3-2 have a triode hook-up in a "cascade" system (fivst with
grounded cathode, seeond with grounded zrid), 13-9 -- plate cholie, R3-1
-- gubtonetic shift, C3-12 -~ filter capacitance of stage L3-1, and R3-L
-- bias for tube L3-2. The resistance 1.3-5 serves as the load Tor stage
L3-2.

To increase amplification stability in the second stage, cn inter-
electrode plate-cathode capacitance for tuve L3-2 is utillzed. The stase
is neutralized with coll L3-10 tubed with plate-cathods cepacitance of
tube L3-2 in resonance for frequency [sentence incomplete].

The third unnliflcai,ion stage L3-3 is used to provide necessary am-
pliflcation for a given band. This stage is connected in a pentode hook-
up. Herc R3-7 is the blas resistence and €3-20 is the filter cenacitor.

Because the PUPCh operates on a low bhm load resistance 3331-51 ohms,
the match%rg conneching cable F1 15 comiezted to the element of the third
stage in serles with the tuned inductance L3-15. The required atienua-
tion of the output élement is secwred by mhtchinv resistance R3-11 and
resistancd 33R1.-51 ths. The amplification factor for given band in'a
selected three-st~~e amplifier is best gecurcd by using detuned clrcuits.

The ﬁlate circuits of the PUPCh has fllters L3-2, C3-9, L3-3, C3-1,
L3-8, €3-16, which ¢liminste spurious coupling between the PUPCh stages.
In the filinenu cirguit of the tube, filters are connected to the induc-
tances axn i cepacitatices €3-13, 13-13, €3-15, L3-11, €3-1. The direct
curreat component of crystal I of the converter pass2s througnh filters
L3-2, CB-%, L3-1, C3-1 and the cwrent Jrom erystal I passes throuzh
filters L3-3, ¢3-5,L3-k, €3-6 to comecior Sh3-L. €3-3, C3-4, C3+13,

|
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C3-17, C3-19:are coupling capacitors.

The powér supply to the PUPCh enters through the distributer head
from the folloving power sources:

" a) rezwlated voltage of 750 {2.0 volts with current consuaption to
O ma. :

b) potential of 6.3 volts, with current consumption to 550 ma.
5. Automatic Frcquoncj Control Circuit for the Klystron

The autematic frequency control circuit for the klystron (APCHK) is
designed for mainteining a nominal intermediate frequency of 1 plus or
ninus 0.3 me during frequency drifts in the local oscilllator or magne-
tron. 3 :

Klystron frequency is aubomaticelly regulated by voltage changes in
the reflectin; elcctrodes of the klystron so that the frequency differen-
ces between the naznetron and the klystron ere maintained constont and e-

‘qual to the Intericdiate [requency.

The APCHX system operates on itc oun transmitter impulse vith toppac.
portion of the magnetron energy in the mixer chamber of the APChX.

The unif conbains;

Intérmediate frequency amplifier Lh-1, Lh-2,
Freéuency detector Lk-3, .

Videoimnulse amplifier Lhl,

Impulse detecter, left half of Ik-G,

Sawbooth voltaze generator -- t:ansi%ron for Lhk-5,

6. Cathode repcafcr for right half of Lh-6.

The basic technical characteristics provided by the APChi circuit are
praseated in the basic technical data on the TsD-32TK section. The opera-
tion of the APCH{ circult conslsts of the following.

Radioimpulses from the transmitter entef the APChX mixer through the

lindting attenuator. From the mixer intermediate frequency impulses enter
the intermediate frequency section of the APCh throush the RF cable.

’
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The Intermediate frequency anplifier is made wp of two stages Lh-l,
Lh-2 with resoncnce single elements Li=3, Chol, Lh-l,

Resistances Rb-1 and RU-6 are installed in parallel to elaients Lh-3
and Ih-5 and are intended for broadening the transmission band of the in-
termediate frequency emplifier. Element Lh-5 is comnected with the fre-
quency detector clement, made up of tubve Lk-3. Resistance Rh-1 serves as
frequency detector load for the left diode triode in which the plate is
connccted with the grid, and RL-10 serves as frequency detector for the
right diode. The lond resistances arc hooked wp in suech a vay that the
voltage, taken at th¢ amplifier, will deecpen on the degrec of deviation
from its nominal valuz.

The controlling circuit is used for searching local oscillotor fre-
Quency and constant voltage output to the klystron reflector, with which
frequency drifts of the local oscillator or transmitter maznetron in the
automatic tuning rode are compensated. The conbrolling circuit consists
of a sawtooth voltaze genretor Lh-5 in a transitron circuit, en impulse
detector, and a cathode repeater.

The dependence of the plate and screen curvent on the voltase oa the
pentede grid is ubilized in the transitron oscillator. When the aegative
voltage on the peatode grid increases, the plate current beging to fall
and the screen current increases. When the negative voltage on tae pen-
tode.grid deercases, the plate inercascs and the scrcen current @Qops.

Let us assume thet at some glven moment the voltage on tie pentode grid is
Positive in respect to its own cathode. The tube is open end the plate
cwrent is flowinz. Vhen this happens capacitor Ch-19 repidly discharges
through the tube. Because the plate current passes throuzh resistor R4-20,
the plate-cathode voltege on the tube drops, which after a certain moment
of time results in a drop in the plate current. A drop in plate cwrrent
causes an increzse in screen cwrrent. An increase in sereen current fur-
thur lowers the voltage on the screen grid;. this drop in voltage throuzh
capacitor Cb-20 is transmitted to the pentode grid, which even furthur
decreases the plate éurrent. The process of decreasing the plate current
will continue to full completion, and the tube is blacked out in plate
current, since & negative voltage is crected on the pentode grid. Capa-
citor Ch-19 begins to be charged and capacitor C4-20 i discharsed through
the screen grid-cathode ifrbrval in tube I4-5 and resistors RE-19 anc Rh-2L,

When capacitor Ch-20 discharges, the voltage on the pentode grid de-
creases, and the moment of appearance of plhte current begins again. Vhen
this heppens the screen grid current drops,|and the voltaze on it begins
to increase, The voltage increase on the séreen grid is transmitted to
the pentode and accelerates the increase in Plate current. ' Thus, with &
plate lo2d on tranaitron Rk-20, the voltage|will change aceording to the

|
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sewtooth law. This sawtooth voltage is transmitted through resistor RL-
22 end the normally closed contects of relay Rh-1 to the cathode repeat-
er grid. With a load on the cathode repeater R4-26, the chanzing nega-
tive voltaze is trensmitted to the negative electrode of the klystron,
vhere corresponding chanzes in frequency take place., When a difference
frequency appears which exceeds the tuning point of 29.6 mc, a negative
pulse eppears at the frequency detector load. This pulse, amplified by
amplifier Lh-l, is transmitted with positive polarity to the plate of the
impulse detector on the left half of Ih-5. The diode opens and the direct
current component, flowing along load resistor P-17, creates negutive
voltage which is applied to the zrid of transitron oscillator Li-5. When
this happans, searching on the transitron oscillator stops and tube Lk-5
sterts to operate us a direct-cwrrent amplifier.

The grester the intermediate frequency diifers from the twiing fre-
quency of the frequency detector element, the more the positive impulse
enters the inpulsc detector and greater the cwrrent flow across resistor
Rh-17, ercoting grecter nezative volteze on the grid of tube Lh-5. The
current in tube Ih-5 decreases and the negative voltese on load RE-20
drops.

Assume that the intermediate frequency is aebous equal to Mzl ne.
A% the load of the {requency detector, & ncsative impulse will act finelly

load RL-20 the aejabive potential will decrease; this, acting on the re-
flecting electrode o2 the klystron, vwill lower its {requency. Since the
Klystron is tubed to:a lower frequency than the magnetron in the TsD-32TK
section, this leads %o a decrease in the difference frequency.

Tae APChX mode is the operatinz mode in the TsD-32TK scection. The
APChK unit is comnected with the mixer by coaxial cable, terminating in
& high frequency plug connector.

The wnit gets power from the pover supply box throuzh comncchor Shhk-
1. The following voltages are required to operate the APChK wiit: -+150
t 2,0 volts, stebilized; -250 to volts, stabilized; €.3 volts & 5%, €00~
900 cycles. :

6. Distribution Box

In the distribution box are situated the filament transformor for the
tubes In waits 3 and b Tr5-1 and filters for power and control circuits:
15-1, 15-2, 15-3, L5-k, 15-5, L5-6, L5+7, 15-8, €5-1, C5-2, C5-k, €5-5,
¢5-6, €5-7, €5-8, C5-9, €5-10, C5-11, C5-12.
Section k. Construction of the Unit

The freme is divided by a solid partition into two bays: modvlator and

/18 ‘
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radio frequency. The partition has two ports, one for the cathode leads
and magnetron heater installed in the radio Irequency bay, and oae for

the electrical essenbly., The section cover is closed with a shield having
a tube for conductlng cooling air to the section. The air consuaption is
150 liters/minute. The section is air-tizht.

In the moduldtor bay therc are two wiits: unit (modwlator) and unit
(hizh voltage rectifier). In the radio frequency buy are located: pres-
sure sensor, muguetron, maguctron cooling veutilator, power supply box,
and all other uaits on & cast base. ALl electrical coanections erc knife
connectors. All screws are locked on either with paint or with spring
washers.

1. Unit 2 {Moduwlator)

The modulator is assembled on a ligat, stamped, chassis. fhe heating
elements (btubes) ave sepurated from tie obher parts as much as possible.

The ventilator is located oa the modulator chassis.

Electrical coatact with the high voltege rectifier is accomplishoed
with coanector Shl-l and the plate busbur for tubes L1-6 and L1-7.

2. Unit 2 (Hizh Voltuze Rectifier)

It is asscmbled on a light, stamped chassis. On the chassis are sit-
- uated filameat transformers for magnetron Tr2-3 and the high voltege rec-
tifier tubes Tr2-2 plate transformer Tr2-l, storage capacitors C2-1 and
€2-2, charging circuit R2-1, R2-2, and R2-3, current control for magnetron
C2-3, and R2-3, and high voltage relay guitch R2-1. Electrical connection
with the submodwlator (unit 1) and the frame is accomplished wita comnec-
tors Sh2-1 and Sh2-2; with the magnetron -- with two spring contacts.

3. Units 3, 4 (Radio Frequency Part of‘the Unit)

Structurally, the high frequency pdrt of the wnit is assembled in the
form of e dismountable frame, to which are faestened all components of the
kigh frequency part (except 5): wavezuide components, PUPCh -- componcat
3 and APChK -- component 4., The wavesuide components are structurally
three separate components:

1) main waveguide,

2) balance mixer,

3) local oseillator unit.

"e |
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All components are made of brass waveguldes of 10 x 23 mn cross sec-

tion.

1. The main waveguide consists of a segment of the waveguide teral-
nating in two flanges, one flange being comnected with the magnetron flan-
ge, the other with the antenna flange. Theé flanges are connected with
lock nuts. ‘

On the narrov well of the main waveuide is situated the choke iflange
tc which discharger L3 is fastened. The discharger is fastened betwzen
the flanzes of the main waveguide and the input flange of the balance mnix-
er.,

Along the narrow wall of the main wavegulde (near the maznctron) is
located the limit attenuator, consisting of two parts connected with spee-
ial flanges. The limit attenuator terminates with e wavegulde seguent in
wnich is located along the narrow wall the attenuator A3 and & Junction
to the coaxlal cable leading to directional coupler of the local oscilla-
tor compoacnt.

2. Balance mixer is a double wavegulde tee.

The balence mixer is fastened to the PUPCh chuissis componsnt. The in-
put clement of the PUPCh is soldered to the output leads of the detector
heads in such a mammer that the PUPCh and the mixer are removed togetaer.

3. The local oscillator component is also a double wavegulde tee.
The klystron is covdred with a cap. The klystron power cable leaves tihe
body of the klystron holder and terminates in a four-way connector.

Waveguide of arms L and 2 are directed upward. Weveguide ol arm 1
terminates in a junction to cable RK-119, which comes from the mixer. Wave-
guide of arm 2 is primary waveguide of the directional coupler. The uwave-
guide terminates in a load cbsorber. Before the directional COUlel of the
waveguide of arm 2 is situated attenuator A2. The sccondary waveguide of
the directional coupler terminates in the detector head of the APChK mixer;
on the other end of ‘the secondery wavezuide is a junctlon to cable RK-119,
leading from the limit attenuator.

L. Component PUPCh 1s assombled on a separate chassis and is counce-
ted with the mixer with connectors (the ground contact is fitted with a
spring bushing, and the output contacts of the mixer are soldered to the
input elemeat).

In the PUPCh, the stages arc cons Each staze is
mewnted individually to the frane, faa s 2 ;anel and uhan
the obenzs ars Ingtallad on the chas 12

/20
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1s fastened to the chassis.,
An output instrument plug is installed on the PUPCh chassis.

5. The APChK component is assembled on a separate panel. The panel
is closed with a cover. On the face panel of the unit there are three
Jjacks (frame, ffeQuency detector output, and cutput Lfor sawbooth volteze
to klystron refledtor).

To tunc the frequency detector element, an adjusting screw of tuaing
capacitor Ch-12 projects under a slot in the face side of the panel.

A knob of potcentiometer RU-30 for establishinz the search band on the
APChK elso projects from the face panel of the unit.

The RF amplifier of the APChK unit is assembled in individuel stages.
The basic parts of the circuit are mownted on a demountable panel.

6. The distribution box is assembled as an individual component. In--
side are located the tube filament transformers for components 3 and 4
(Tr5-1) and the filters in the power supply and monitoring circuits.

Electrical connection between the compeonents and the frane is facili-
tated with knife cohnectors. A filter is provided for the T&D-327K unit,
in which is .instolled potentiometer F.32R -- an installation for limiting
the zone of generatlon of the Klystron for preventing the "P" lamp from
burning in the frequeacy search mode.

The filter layout 1s showa in Fig. 18 (see buok of drawings).

7R
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ChapthfEight

RECEIVER TsD-33

.Section 1. General Dascription of the Unit

The TsD-33 is designed to function in scanning and aiming modes with
a target or with smooth noise interference.

The unit provides for:

a)' amplification of the signals of intermediate frequency which are
reflected from the target, their detection, and the feed of intensified video-
signals in the synchronization and suppression unit TsD-25TK to thz antenna-
control unit TsD-UITK, to the range unit TsD-37;

b) amplification of noise interference converted to intermediate fre-
quency, detection and feed of amplified interference noises to the noise-
interferance indicator unit TsD-26TK, to the antenna-control unit TsD-4ITK,
to the synchronization and supsression unit TsD-25TK;

¢) time manipulation of recaption and selection of lockad-on targets
by rangs; '

4) automatic regulatioh of the amplification of the IF amplifier as
to signal reflacted from the target;

e) automatic fegulation of the amplification of the IF amplifier as to
noise interference;

f) automatic regulation of the level of noises of the receiver;
Section 2. Principal Technical Characteristics

1. The unit should provide a signal amplitude up to full limitation:

a) in the channel of tha suppressor vnit, not less than &7v,
in the channel of ths range unit, not less then 32v,
in the channel of the noise interference indicator, at least 25v,

in the channel of the antenna-control unit, not lsss than 25v.

o
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2. The amplitude of the noises at the receiver output (socket Gl)
during measurements by VIVM with a scale in effective units -- 5-8 volts.

| ‘
b 3. The ARU system providas a signal level at the output of the receiver
(socket G1) of 21 plus or minus 2 volts.

L. The amplitude of the signal for the antenna-control channel (socket
G3) with signal amplitude at socket GL of 21 volts - 14-18 voits.

5. Currents required by the circuits of the unit:

a) 115 volts 630-92) cycles - 0.65 _ J.1

b) 4250 volts stab. not moce than 30 ma

c) 4 150 v stab. not more than 60 ma

d) - 25 v stab. - 60 10 ma
Circuit diagram of ﬁhe unit is given in Fig 19 (see diagram book).
Section 3. Description of the Unit Circuit

The signal of the targst or of nolse interference, aivtar it has been
. converted into interm2diate frequency and subj2cted to preliminary amplifying
in the PUPCh, goas from the TsD- 3dTK unit to the input of the IF amplifiar.

The IF amplifier has six cascadas -- L1 - I5. The signal amplified in
th2 UPCh is detected by the diode detector L7, is amplified by the vided-
amplifier I8, and fiom tha output of ths cathode follower 1 left helfl L9,
it goes: into TsD-Z5TK unit, througn the cathodz follower IV left LZ3,
into the TsD-26TK unit, dnto the input of th2 ARU-3hARU systews, to the
coincidence stage LEO oi the output system into the antenna-contirol unit
TsD-hoTH.

From the stage bf the load of the cathode foilower 1 on left nalf L9
vhe signal is fed opto the input of the video amplifier right half L22
with the grounded circuit and then through two series-connecved cathode
followers II, III (ieft half 122 and right half L9) to the range unit
TsD-37 ‘

For the suppression of external noise in the receiver, the UPCh is
normally closed,  and 1s opened only by the gates set up by the manipulator .
of reception. Manipulation of the reception ta&ns place in the first two
stages of: the IF: amﬂlifier.

il .
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Depending on the operating mode of the radar, amplification channel
is opened by the following impulsess

a) in the scanning mode -- by wide gate;
b) inthe aiming mode -- by narrow gate;

¢) 1in both modes to provide operation of the ShARU circuit -- by the
ShARU gate.

g) 1in the mode of scenning and aiming with smooth poise interfzrence --
by the ShARU wilde gatz.

Consequently, noise and roflectzd signals will occur at the output
of raceiver only in the irndicated gates.

Operation of the Receiver in th2 Scarning k>de

In th2 scanning mnode, the recoiver is openzd for passags of noiscs and
signals during the time of operation of the wide gate and for the passage
of noises in the ShARU gataz,

The wide gate and the ShARU gate arz created by thz manipiulator of
recéption, consisting of a multivibrator-selector L10 anl a buffer cascada
left half L1l. In the node of genaration. of the widz gate, the cascade on
tube 10 works as a multivibrator -and is triggerel by impulses of an ampli-
tude of 30-45 volts and a duration of 0.7 plus or minus. 0.3 microseconds
from the TsD-35 unit. When operating on ShAPU rulses, the cascade on tube
L10 operates as & selector (limiter) of ShARU pulses, passing to its output
through tha buffer amplifier left half L1l from the TsD-25TK unit.

The IF signals nnd the noises proc2ed from the TsD-32TK unit to the ingut
of the IF amplifier, ars amplified by the IF amplifier in the wide gate
and in thz ShARU gate, are detzcted by diode detector L7, are amplificd
by the L8 video amplifier, and from the output of the cathods follower I
(left half of L9) proceed: to thz TsD-25TK unit, through the cathole
follower IV (left half I123) to the PsD-25TK unit, to the input of the
receiver's circuit of automatic regulation for noise.

The system of automatic gain stabilizatlion of the receivear (ShaArU
system) sustains at the output of the receiver a fixad level of nolses
with changes in supply voltages, tube aging, and crystal replacament,
necessary for normal operation of the TsD-37 rangz unit, the indicator
chaznel, and ths channel for noise interference indication.

/24
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Ogeration of the ShARU system s aleo provided by the ShARU gate,
which procceds from the TsD-25TK unit to the Limiter right half IL11.

From tha output of tha racaiver noises sroczed to the input of the
ShARU coincidence stage L12, controlled by ShARU gate from the outpnt of
the limiter right half L11.

Thus, at the2 output of the coincidenc: stage tharz are davelopeld noisa
impulses only in the ShARU gate, at whose level the zain of the receiver
with respaet to roise is regulated. Then the noise impulses ar2 anplified
by the ShARU video amplifier left half L13, procead through thz noise pulse
limitation stage left half L15, and are fed to th= ShARU dztector right
half L13. The pulse noise limiter serves to reduce the effect of pulse
noises on the coefficiant of amplification of tha receiver.

From the load of the ShARU detector, the regulation voltaze proceads
to the UPT loft half L1k, is amplified, and from the output of thz cathode
follower right half L1% is fed to the control grids of the first, second,
third and fourth s of thz IF amplifier L1, 12, L3, Lk,

Since the amplification of tha recelving channel in the scanning mode
is deterpinzd by the level of the noises in the 3hARU gate, provision hes
been made for effecting some interference sugpression in the ShARU systen.
The ShARU gat=, in th2 scanning mode, is delayad in relation to the impulse
of the transmitter, and at thase ranges of refiections the signal is
considerably weakened. During the time of th: action of thes ShARU gate,
the supprassion of ground impulses is effected through wobbulation of the
ShARU gate at 50 plus or minus 25 microseconds -- which somewhat reduces
the probablility of incidence of ground pulses in the ShiRU gataz. Th2 ShARU
system 1s protected agalnst pulse noise by the pulse-noise limiter, left
half Llso ' )

For elimination of possiblz overload of the receiver from a leaking wnulse
of the transmitter, the trigsering of the multivibrator of the selzctor is
delayed relative to the transmitter triggering pulse and the fifth cascade
of tha IF amplifi%r is locked by a positive pulse,

‘ |
2. Receiver Operation in the Aiming hbdb

; ' i
In the target piming mode, receiver trigger pulses from the TsD-37 range
unit stop trigzering th: multivibrator selector, which than is fed the narrow
gate from ths TsD-37 range unit. The multivibrator-selector now operates
in the liniting mode. Before target lock-on by the TsD-37 range unit, the
narrow)gate 1s shifted in range from Tpp (start of search) to Tyo (end of
searzh). i

i
t
i
{
|
|
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Thus, in the targst aiming mode, the reczivar is unlockad twice in the
ShARYU gate time! intervel and during the narrow-gate, which tracks the target
for range.

After the range unit locks on “arget, relays 4235 and L2R6-1 of ke
TsD-U2 unit oparate; this removes the large locking voltagss from thz ARU,
L17, and L18 coincidence stages and the receiver automatic gain control
eircuit begin to funetion.

The signal aund interferance from the receivar ontrut and the twd half-
gates from th2 TsD-37 rangs unit are fed to thz coincidence stages. Half-
gate I, almost coinciding with the target signal, is then fad to the L13
coincidence stage. Half-gate II, Aeslayed relative to half-gate I, is fod to
L17. ‘

Pulse signals frow the L18 coinzidence stags arz detected by the L1S
difference detector,

From the d=tector output, the control voltage is fed to the UPT (de
amplifior) of the ARU (acc), the right half of L5; to the UPD of ARU-ShARU,
thz left half of Ll4; and to the cathode follower, the right half of 114,
From tha cathade followar loal, the control voltage is {23 to the control
grids of the first four UPCh((AF3) stages.

The tim2 constant of the ARV filter is seluctad s5 as not to denosiulate
the signal by the ARU circuit, i.e., £0 as ndt td react to the change in
the signal vwith the T30 scanning rate.

) It should be noted that the glven ARU circuit is shielded from raniom
and nonsynchronnus noise.

Interference shielding of the ARU circuit is accomplishad through the
use of a time discriminator consisting of the L17 and L18 coincidance
stages and the L15 difference detactor.

If thz interference coincides with the first and szcond half-gates of
ths coincidence: stages, the pulse signals, produced by the stages, ars fel
to the diodes of the L16 differsnce dstector. They are detected and sub-
tractad from the total load of the diodes (hancs, th2 effect of interfarance
doss not result in a sharp change in receiver gain for tha2 targat).

To improve interference shielding of ths antenna control system during
autoratic tracking of th: targst, the receiver output on the TsD-LDTK unit
is s2lected by the range gate.

/26
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The eircuit functions in the Tollowing way:

Noise and the signal arrive at the 129 coincidenecs stage from the
recelver output, Th= rangs gate from the TsD~37 range unit is also supplied
to the stage from the limiter (the right half of L19). Because the rangs
gats coincides with the range position of the target, only signals located
in the gate will pass from th= colncidence stage to the amplifier input (left
half of I21). From the load of th: cathode follower (right half of 121),
the target signal is fed to the TsD-LOTK antenna control unit.

3. Operation of the Receiver in the Secan Mode With Smooth Noise Interference

With the set operating in the target scan mode, the appearance of smooth
(flat) noise interference is perceived in the form of gein in the noise

level at the receiver output in the wide and the ShARU (AGS, automatic gafn
stabllization) gates.

As the noisc level Inereases, the SRARU circuit doss not function ail
the way because of the operation of the peaked-noise limiter. The applitude
of peaked noise increases by about a half when the presence of smooth noisa
interference is indicated (ths "Pomekha® (interference) pilot lamp on the
TsD-3UTPH unit lights). Smooth noise interference Is indicated in the TsD
261K unit, to which noise and signals from the receiver output are fed.

In the presence of smooth noise interferenva, the pilot flips the
"Pom2kha-Soprov.-Zakr. luch" (interference--track--locked-on bzam: ) toggle -
on the TsD-LLUTPK unit to the "Pomekha" (interference) position, and the
set starts functioning in the scan mode with sreooth noise interference.

In this mode, ihe wilde-gate triggerihg pulses ara taken off the L10
mltivibrator selectpr; and, instead of the ShARU gate, a wide-ShARU gate
s fed through the buffer stage of the left half of the L1l tube.

Thus, when the station is in the smooth-noise-interference operating
mole, the receiver|is unlocked only during the wide ShARU gate. At the came
time, the R2 relay disconnects the peaked-noiss limiter, Noise from the
video amplifier of!the left half of the L13 tube is fed directly to the
ShARU detector of the right, half of the L13 tubz; thz R3 relay also switches
in the supplementary capacitor in the UPT filter, but only in the scan mode
with smooth noise 1nterference. :

1

Switching-out éf;the peaked-noise limiter induces the ShARU eircuit to
operatz with maxfm@mfnoise gain, 1.2., ndise will appaar at the receiver
output without limiting. The negative voltage of the ShARU control is now
governed by the noise interference level.

1
127 |
§-E-C-R-ELT




DP§2-00038R001800190001-3 N

T 50X1-HUM

‘ Incrpasing thg time constant of the UPT ShARU filter causes the ShARU
negative control oltage at the control. -grids of tubes L1, I2, 13, and Lh
ofl the IF preampl;fier to decrease very! igradually. The lﬁsser signal noise
received by the set from the scan zone lines, where there is no (intensive]
source of noise intnrference, will not pass to the receiver output because
of tha large bias» ‘As a result, the receiver will begin to pass nolse in
the time 1nterval‘coinciding with the time of arrival of the maximum noise
level, i.e., the interference at the receiver output will terminate at the
antenna scan sweep line on which the noise source is located.

With the set in the smooth-noise- intexfezencL scanning mode, the ShARU
circuit functionsiin the same manner as:when operating with internal ndise;
only instcad of the ShARU gate, the circuit is supplied with a wide ShARU
gate from the TsD- 26TK unit and the timm constant. of the ShARU filter is

increased.

L. Operation of the Receiver in the Aimlng Mode With Smooth Noise
Interférance

With the "Zakhvat" button depressed, the set is switched to the aiming
mode with smooth noise interference; and with the help of the RI relay,
the operating point of the ShARU colncidence stage (112) is determined.
This sets the noise level al the receiver output at about 15 volts; this
is essential for the proper operation of the error signal detector in the
TsD-UOTK unit.

Simultaneously, instead of the range gate, a wid2-ShARU gate is fed to
the 120 coincidence stage through the limiter (right half of L19).

The R3 relay disconnects the auxilipry capa¢itor of the UPT filter of
the ShARU circuit.  This is essential for retention of the transfer

characteristic of the elevation tracking system in the automatic interlersnce
tracking mode, i.e., the mode similar to the automatic target tracking modi=.

Section k. Consﬁruction_of the Unit
The unit consists of the following constructiorally indzpendent parts:
a) subpanel%l (zain amplifier);
b) subpanel 2 (pulse subpancl);
¢) front panel; ard

d) chassis.
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The maln UPCh. and dctector; located on subpanel 1, consist of typical
stages. Thz UPCh assembly and the detactor eircuit is orotected by a
common seraan.

Located on subpanel 2 are the reception manipulator, the automatic signal
control circuit_(ARU circuit), the automatic noise level control (ShARU
circuit), the output circuit to the range unit, the output circuits to the
antenna control unit, and the Tpl filament transformar.

The following test jacks are inside the unit:

K1 - the multivibrator selector gate,

K2 - the ShARU detector input voltage, and

K3 - the UPT ARU-ShARU voltage.

following ars located on the front panel;

Sh3 plug socket, and

R120 potentiomster-"Urov. sign." - signal level; RIZ2L - "Urov. shum."
channel noise levzl,

the following pulse sockets:
Fl1 - the I-F target signal from the TsD-32TK unit,

F2 - the parrow gate from the TsD-37 unit,

F3 the target video signal to the TsD-37 unit,

Fb - the target yideo signal to the TsD-LOTK unit,

F5 - the target video signal to the TsD-251K unit,

F6 - half-gate I from the TsD-37 unit,

Fl15 - thé target video signal to the TsD-26TK unit, and
F18 - half gate II from th2 TsD-37 unit;

the following test Jacks:

:Gl - the;térget video signal onithe TsD-25TK unit,

G2 - thejtarget video signal onithe TsD-37 unit,

G3 - the target video signal on.the TsD-M0TK unit,
G4 - the ShARU gate, l

N

,' L ’ S
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G5 - the multivibrator selector trigger pulse,
G6 - 150 volts, regulated,

G7 - ARU voltage for recording,

68 - 250 volts regulated,

G9 - 250 volts, regulated,

Gl0 - the narrow gate,

Gll - the rangz gate

Gl2 - half gats I, and

Gl5 - half gate II.

/30
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Chapter Nine

THE SYNC PULSZ AND "VERKh-NIZ" MARKERS SHAPING UAIT TsD-35

Bection 1. Genaral Characteristics of the Unit

The function of the syne pulse and "Verkh-Niz" (top-bottom) markers
shaping unit 1s as follows:

1. For synchronizing the oparation of the set (keying the TsD-327K
transmitter and the RsD-33 reaceiver); and

2. For shaping thé‘"Verkh-Niz” markers and for mixing the target
signals with the "Verkh-Niz" rarkers.

On the basis of fuactions, the unit may be divided into the following
circuits: ‘

a) The sync circult consisting of blocking oscillator I, blocking
oscillator II, cathode follower I, dzlay line Lz-1, cathodz follower II,
and blocking oscillator III; and

b) The "Vcrkh-ﬂizé markers’ shaping circuit consisting of cathods follower
IV: delsy lines Lz-2, [Lae3, and Lz-4; the selactor-mixer; the stretcher;
the video amplifier; cathode follower V; modulating pulses shaping circuit;
the line (middle) marker II commutator; and the commutator for the line
markers I and IIT (upper and lower).

131
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Section 2. The Basic Technical Characteristiés of the Unit
1. Receiver triggering pulse: amplitude, 30-45 volts;
2. Transmitter triggering pulse: amplitude, 43-60 volts;

3. Target pulse at the output of the unit (F7): amplitude, 20 + 5 volts;
delay relative to the "Niz" marker, 8+ 0.5 microsac;

L, "Niz" marker: amplitude, 20 + 5 volis; duration 3-5 microsec;

5 volts; duration, 3-6.5 microsec;
:fO.S microszc.

5, “Yerkh" marker: amplitude, 20 +
delay relative to th: "Niz" marker, 11.5

6. Currents used in the circults:

115-volt, 632-993 cycle: 1.2 amperes, maxinum;
115-volt, Bd-cycle: 100 ma, maximum;

4250~ volt, stabilized: 80 ma, maxinum: and
-250-volt, stabilizad: 20 ma, maximm,

7. The gross weight of the unit is 5.2 1?7} kg.

The circuit diagram of the unit is glven in Fig 20 {cee the
of diagraums),

Section 3. Description of the Cireuit of the Unit

mna seléétion circuit of the TsD-37 unit may be dividad into ths
following independent circuit units:

1. The sync circult generating th: transmitter and recaiver trigger
pulses; this circult is intenled for synchronizing th: TeD-33 and TsD-32TK

units.

2. Th "Verkh—Niq" markers shaping circuit generating th: following
pulses: ' : .

a) The undelayed targst pulse, which determinzs the "Niz" warker on
th2 indicator screen;

b) The "Ts2l'" (target) marker with an 8-usce delay; and

¢) The "Verkh" marksr with a le-usze delay.
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The "Verkh-Niz" markers shaping circuit permits determination of the
position of thz target for eloevation,

1. Th2 Syac Circuit:

Wobbulated sync pulses, genaratzd by blocking oscillator I (right half
of Ll), are fad to th2 sync circuit input from the TsD-25TK unit. Blocking
oscillator I gensrates positive opulses which, through the buffer stasze
(left half of I2), are supplied to thz trigger of olosking oseilletor II
(right half of I2). The positive pulses of blocking oscillator II arz then
fed to the trigger of blocking oscillator III (right half of Lh) and t the
cathodz follower I (left half of L3). The load of cathods follower I (left
half of 13) consists of delay lines Lz-1, 5, and 5 intendad for generating
the receiver trigger pulse delay relative to the transmitier trigger pulse.
Pulses from the tap of the Lz-6 are supplied to the input of cathode follower
II (right half of L3) from thz outpubt of wnich th2 recelver trigger pulses
go to the TsD-~33 unit for trlggmring the wide-~gate shaping circuit. While

switehing the set from the set from the scan to th» aiming ani test moles
and while operating with noise interference, thz receiver trigger pulse is
intarrupted for transferring the ogcra*ion of thz receiver to the narrow
gate of the TsD-37 unit,

Blocking oscillator III (right half of Lh) forms the transmitter trigesr
pulses, which, through the L3 cathode follownr, are suppli=d for triggaring
the TsD- 3£PK transmitter.

2. The "Verkh—ﬂiz" Marker Shaping Circvit

On the irdicator screen (TsD 34TPi unit), the "Verkh-Niz" markers appear
as vertical lines locatbd over ths target marker (the upper line marker)
or under the target marker (the lowar linﬁ‘marker) The "Sradnyaya stroka"
(middle line) marker appears as vertical l*neo located, simultaneously,
above and under the targat markar. The "Verkh-Kiz" markers are formad
from f£he target pulse. From the output of{the TsD-25TK unit, the integrated
target pulse goes through F8 to the input bf cathode follower IV (left half
of 16): the three delay lines Lz-2, Lz-3, and Lz-4, whose total dslay is
12 usec, serve as th= load of the cathode follownr.

The following three pulses are taken f”om the cathode follower:

‘ \
1) The undelayeu target pulse used to, form the "Niz" marker;

2) The target Qulse, delayed 8 usec, fixing the "Tsel'" (target)
marker on the indicaﬁor sereen; and
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3) The target pu?se, delaysd 12 usec, usad to form the "Verkh" marker.
The target pulse,:dalayed 8 usec, is taken from the Lz-3 delay line
to the input of the L1l video amplifier, then t5 cathode followar V (left
half of L12), from the output of which it is fed through th2 FT R-F con-

nector to thz output of the TsD-36 unit.

The undelayed target pulse and the targst pulsz with 12 usz2c d2lay go
to the L7 and LB mixer selector, from the loal of which thay are takan to
the 19 {?) pulse stretcher circuit. The stratcher circuit increasss the
length of thz pulses ‘from 0.5-1.6 to 3.6.5 usec, as thz result of which,
the "Verkh-Niz" marksrs appear stretehed vertically on the indicator screen,

The "Verkh-Niz" rarkers taken from the stretcher circuit ars epplified
by the video amplifier (left half of L10), are mixed with th2 target marker
(left half of L1l), are amplificl by the video amplifier (rignt half of I11),
and then from the load of cathode follower V (left half of L12) are fed
through F7 to the output of the unit.

Unlike the target marker, the "Verkh-Niz'" markers Go not have to oe
eontinuous for azimuth. The discontinuity of the "Yerkh-iiz" markers is
cauzed by the modulating pulss forming circult, consisting of the phas
inverter (left half of L13) and the frequency doubling stag: (L1k). The
radiator scan rate voltage from the GON (refarenca voltage genarator] is
supplied to the input of the phase inverter. Two voltages, of the 'samz
frequency but opposite in phas2, ar2 taken from the output of the phase
inverter. They are usced by the fraguency doubling stage (L14) to shape the
positive and negative, square, doubled-fraquency pulses. The modulating
pulses from the L1 frequency doubling stage control of the operation of
the L7 and L8 mixer-selector through the middle (11), uppar (I), ard lower
(I11) marker commutators. The following two circuits are usad to control
the passagz of the pulses through the mixar-selzctor LT and I3 r2lative to
the elevation position of thz target in space:

a

1) the niddle (II) line marker commutator, ard
2) the upper (I) and lower (III) line marker commutator.

The middle (II) line marker commutator consists of a plate detecvor
(right half of L13) and an amplifier (left half of L15). A steppad voltage
is supplied from the TsD-40TK unit to the input of the right half of L13.
Tha stepped voltage consists of a 4DJ-cycle, ac potential presented on th2
upper and lower lines. The datector (right half of L13) changes th2 wad2

/3%
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of opsration of the amplifier (left half of L15). Positive and negative
modulating square pulses of doubls=d frequency are fed to the input of the
amplifier from the L1k frequency douoling circuit. The amplifier (Left
half of L15) operates in such a way that both the undelayed and the dslayed
target pulszs ' pass simultaneously through the L7 mixar-selector with the
doubled frequéncy only vhen the antenna position is in the middle (I1) line;
ihe negative voltage locks the mixer-selector (L7) in ths upper (I) and
lower (III) lines.

Thz upper and low2r line mark commutator consists of the Ll phase
detactor and the LL17 amplifier. The stepped voltage from th2 TsD-UOTK unit
and the LOO-cycle reference voltags are fed to the phase d=tector input.
The phase detector produces the voliage under the action of which the I8
mixer-selector passes the target pulses with 12 usec delay in the upper line
and the undelayad pulses in the, lower line; in the mlddle line, the L3 tube
is locked.

The L17 amplifier with a frequency of 2 x T30 also controls the passage
of markers through the 18 mixer-selector in the upver and lower linss,

Thus, video pulses with a frequency of 2 x T30 pass to the output of
the L7 and L3 mixer-selector of any of the lines; as & result, the prescota-
tion of the "Vorkh-Niz" markers on all lines will be in the form of an
"enclosure.” ;

Section 4. Construction of the Unit

From the construction standpoiht, the TSD—36 unit consists of the fol-
lowing components:

a) Chassis;
b) Horizontal panel; and
¢) Front panel.

The chassis links all components of the unit. It has gulde pins on the
back wall for placing the unit in the cradle.
‘ I

Tha followlng are ioeated on the horizontal panel:
a) Tubes Ll through LLT; |

b) Transformers 'I'jrl through T3, ‘

¢) Delal lines‘sz}-lj,, 2, 3, b, 5, and 6

|
:
|

\
|
|
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i
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i
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i
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d) Installed capacitors.

Circuit elements are located under the horizontal pan:z1,
The following are ;ocated on the front panel:
a) The ShS plug type connector,
b) The F7 and F8 R-F connectors,
¢) Tests Jacks Gl through G10.
unit is secured in the cradle with four screws.
dimensions of thz unit are 299 x 413 x 124 mm.

weight of the unit is 6 kg, maximum.

/1306
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- Chapter Ten

THE RANGE UNIT TsD-37

Section 1. General Features of the Unit
The TsD-37 unit is a range unit and is intended for:

a) Searching automatically for the target os to range with sub-
sequent automatic tracking of a single locked~on target.

b) Indicating the moment of the lock-on and automatic range tracking.
¢) Selecting the tracked target os to closing speed.
) Gobing the radar receiver with narrow gate.

e) Shaping the "ARU-1" and "ARU-2" gates utilized by the suppressor
device of the ARU circuit of the radar's rcceiver.

1) Forming the range pulse and gating the torget pulse at the
input of the angle tracking chamel,

g) Forning a signal indicating dangerous closing range (for the
lamp labelled "Otvorot" (break-off} when approaching the tarzet within
& prescribed distence. :

h) Forming a maximun range voltage U max., depending cn the speed
Of closing with the target end the flight attitude.

i) Foruing & minimum range voltage U min., which supplies the
command "Otvorot."

Section 2. Basic Technical Features of the Unit

The TsD-37 unit can operate in two modes: in a mode for sutomatic
range searching of the target ( in the DU mode) end the mode of autonatic
lock-on end range tracking of the target (( in the aiming mode).

The following voltages are fed into the wnit's input:

1. Sync-pulses with an émplitude of 50 + 10 volts.

2, A terget pulse with en amplitude of 25 + 5 volts.

3. Alternating voltages of a frequﬁﬁcy of 400 cycles per second
from an eltitude data unit am of from zero to 70 volts.

i
! 1
| '
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L. A positive voltage from a speed deba unit arm with an emplitude
of 0 to 70 volts.

The TsD-37 unit makes possible:

1) An eutomatic renge search of signals reflected from the barget
in a delay range relative to the trigger pulse from Tn.p. to Tk.p.

2) An automatic lock-on of the signal reflected from the moving
target in the search renge of Tn.p-Tk.p

3) Absence of lock-on and tracking of tho signal reflected from
target during very rapid closing.

h) Rapid recall of tracking of a locked~on and tracked target
signal in case of its loss.

5) Indicating the moment of the lock-on of the selected target
signal end fecding the signal of +27 volss to the L2RG and L2RG-1
duplicate relays of the automatic lock-on and to the "avb.z.d."” light
of the TsD-L8 panel (during ground test).

6) The output of a nerrov gate of 50-85-volt amplitude for gating
the channel of the receiving wnit UPCh.

7) The output of ARU-1 end Z gates vith an emplitude of §0-100
volts for suppression in the APU of the receiver.

8) The output of present range pulse with an amplitude of 3050
volts.

9) Feeding dangerous closing signel to the "Otvorot” lemp in the
form of & + 27 volts from the eircraft’s electrical network during
reduction of present range to target.

10) Fecding mextirim range voltage U mhx., which 1s 2 funetion of
the speed of approach to the Larget and eltitude of flight.

11) Peeding minimw renge voltoge U min.

12) The unit normelly operates with pover from the following
sources, requiring from these sources the folloving amounts of voltage:

115 yolts + 34, 600-500 c¢ycles per second, no more than 1.0 enperes.
36+ volts, hOO cycles per second + 25

+ 250 volts st.--no more than 130 ma.

-250 volts st.-~ no more than L0 ma,

1+ 27 volts b/s -~ no wore tlhaen 170 wa.

138
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The uwnit weighs 6.5 kilograms ond has dimensioas of 376 x 245 x 135
.

The wnit's circuit is illustrated in Figure 21 (see diagram book).
Section 3. Circuit Description

The range wnit consists of the following:

&) An sutomatic followup systen.

b) An sutomatic lock-on unit.

¢) A suppressor circult for passive noises.

d) A circuit for indicating dengerous closing range.

e) A circuit for shaping U min. and U mex. volteges.
1. Operation of the Automatic Followup System

The automatic followup system consists of the following:

a) Phentastron L1, left i]alf Lla.

b) Comparctor left half L3, amplifier right half 12 end search
limiter, right holf L3.

¢) Separating diode, half L20.

d) Gate blocking oscillator, left half Lk, left half L5 with delay
lines, Lz-1, Lz-2.

e) Gate cathode follower, right half L5.
f) Half-gate blocking oscilletor, right half Lk, left helf L6,

g) Half-gate cathode follower righﬁ half L6 with delay lines Lz-3,
Lz~lk. ‘

h) A followup system discriminator; which consists of the coincidence
stege I LT, the coincidence stage II L8, the pusle amplifier, left helf
L11, difference detector L9 and the cathode follover, half L17.

1) The controi stage 113, right half L12.

§) A direction search switch, half}Les.
‘ o0 ‘
: Vo : . |
k) A stege for switching the time constent of the fntegrator,
right half L1l end |relay R6.
Sl 39
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Positive pulses of synchronization from the TsD-25TK unit are
supplied to trigger the range phantastron.

The phentastron L1 end left half of L2 gcnerate & sawtooth linear
dropping voltage (so-called "fast sawtooth") with a duration of Tk.p.
The "fast sawtooth” from the phantastron is fed to the compavator.

The comperator, left half L3, serves for comparing the linear
dropping voltage of the phentastron vith the voltage of the coatrol
stage, right half of Ll12, 113, fed across the separating diode halfl
120, ) ‘

From the contrdl stage to the comparator is fed:

a) In the DU mode -~ the sawbooth lincar dropping voltage (so-
called "slow sawbooth").

b) In the aiming wode -- the range voltage. j

. The comparator fixes the moment of equality of absoluz magni-
tudes of the phentastron and of the control stage end feeds @ nega-
tive pulse at that moment which is emplificd by the amplifier, right
half L2, =nd starts the blocking oscillator of the narrdd gate.

The limiter, rignt helf L3, serves 4o limit the amplitude of
the "slov sewtooth," and, subsequently, the beginning of the search
band.

The blocking oscilletor of the nerrov gate, left |half Lk, left
half L5, is designed ‘to shape the gate-pulse with an amplitude of
50-85 volts, required for gating the receiver and for sterting the
blocking oscillator of the helf-gete. The circuit of the blocking-
oseillator serves to feed the narrov gete to the recciver on signal
from relay 42R5 (in the DU rmode).

The blocking-oscillator of helf gates, right half L4, left halfl
16, is designed to shepe pulses with en emplitude of 60-100 volts,
of the so-celled helf-gates.

One pair of half-gates (the "yange gates") leads to the colnci-
dence stages of the discriminator of the follovup system (L7, L8);
enother peir leads to the coincidence stages of the discriminator
of the sutomatic lock-on (ILlh, L15); still a third pair leads t0
the coincidence stages of the diseriminator of the ARU suppressor
device in the TsD~33 recceiver. The helf-gete with e 0.l-micro-
sccond delay is utilized in the circuit for sheping the dangerous
closing sisel, L7, and in the stoze for shzplng the renge pulse
(cathode repeeber helf L26).

/40
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Time relationships between the half-gates are fixed by delay
lines Lz-3 and Lz-k, which malie up @ load of tre cathode follover
of the half-gate blocking oscillator, right half I6.

The half-gate blocking oscillator is started by pulses of the
narrov gate blocking oscillator, which are deleyed by delay lines
Lz-1 end Iz-2. This delay malkes possible the shift of the "range
gates" approxinately in the niddle of the narrow gate.

The followup system of the range unit uses en unbalenced dis-
erininator, which comects tvo coincidence stages LT and 13, pulse
amplifier, left holf 111, and the difference detector L9 with
cathode ‘repeater, half L17.

The coincidence in time of the gating with the target pulse in
each coincidence stage leads to appearance in each output of a
negative coincidence pulse, whose amplitude and duration depend
on the degree of coincidence of the pulses fed to the input. The
pulses from the output of the first coincidence stage ave fed to
the detector of the discriminator; the pulses from the output of
the sccond coincidence stage are amplified Tty the pulse amplifier,
left half 111, and also flow to the detoctor.

The difference detector of the L9 discriminator consists of
two amms. One arm separates the negative voltoge, detecting the.
coincidence pulses of the first coincidence stage, the other amm
separates the positive voltage, detecting the amplified colncidence
pulses of the second colncidence stage.

The difference of these volteges (the control voltege) is fed
gcross the cathode repeater, half L17, to the control stege. ihen
the terget signal disappeers, the coincidence pulses disappear and
the control voltage will be determined by the voltege of the scarch
direction commutator, helf of L26.

,

Control stege 113, left half L12, is represcnted as a stage
vith a cepacitiveé feedback, capable of operating in two independent
modes, depending!on the voltage on the :control grid: the mode for
generating the so-called "slow sawtooth"”, end integretion mode.

! |

On the disappeerance of the terget signal, the discriminator
does not generate any signal end into the control stege across the
cathode! repeater|of the discriminator, half I17, is fed 2 constant
positive ‘voltage from the commutator séarch direction, half 126.

: N [ H .

In this instence, the control stege operates es @ trensiton

oszillator of "thei slov sewbooth”.
} : : ;

[ ‘
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As pointed out above, the voltage from the control stage is
fed to = comparatbr, inducing a smooth change of the delay of the
negative pulses of the comparator and, subsequently, of the pulses
of the gate and half-gates relative to the trigger pulses. In
this case, the half-gates of the followup system, while smoothly
moving from Tn.p to Tk.p., carry out search for target as to range
at e rate fixed by the period of the "slow sewtooth."

With the admlssion to the unit of the target pulse and its
synchronization in time with the half-gates of the discriminator of
the followup systém, the discrinminator geparates the conbrol voltage.
Due to the effect of this voliage, the control stage is converted
from generation mode to integration mede. The Tfollownp system dis-
continuses target search as to range and switches over to automatic
tracking of the target.

The control voltage, which is separated by the discriminator of
the followup system, moves continuously across the intecgrator to the
comparator, holding the target pulse between the half-gates of follow-
up system's diseriminator.

The tirme constant commutation stege of the integrotor, risht
half of L1l, relay RG, is designed £o prevent disruption of oscilla-
tion of the transitron oscillator and integrator time constant cormwu-
tation. During the target range search DU mode, the stage is open and
the relay is energized.

During lock-on of the target pulse by the follow up system half
of the L1l tube isg cut off by the discriminator control voltage, re-
Jay RG is de-energized and by its contacts the transitron oscillator
circuit is blocked off and the integrator time constont is increased.
Increasing the integrator tire constant leads 4o &n increase in the
scale of the speed voltage wiich is necessary for operztion of the
specd selector.

2. Operation of the Automatic Lock-On
The automatic lock-on consists of the following stages:

a) The coincidence stoges le, L15 and the difference detector
of the discriminator of the automatic lock-on I16;

b) The amplifier half 117.
c) The electro-mechanical relay L10, and velays R1, F2.

- e b coAy et me ETea war Timea Meames dam omeaand o 1 1L
Tia outouetic lock-on swilzhes the rolor Tren the soonnins Lo Lia

©
aiming node.

/42
8-E-C-R-E-T

Sanitized Copy Approved for Release 2011/03/31 : CIA-RDP82-00038R001800190001-3



Sanitized Cp Approed or Releas 201 1/03/31 : A-RD8200380180101

v -

50X1-HUM

In oxder to improve noisc imnity of the automatic 1ock—on,'a
balanced diseriminator jie utilized at the wnit's input.  This dis-
erininator consists of tyo identical coincidence stages and & differ-
ence detector, Iak, 115, 115. ‘ ‘

From the first coincidence stage output will be taken negative
Pulsed, resulting fron coincidence during half gate, with noise pulses.
orl the output of the second coincidence stage will sinilarly be
&n negative pulses resulting from half gate coincidence, with noise
Pulses, The negetive pulses from the coincidence stages pass to the
difference detector. . .

The 116 difference detector is operated thusly; during detection
of the negetive bulse rom the first coineidence stage the detector
separcates a positive dc voltage and, during the detection of the
negative pulse from the second coincidence a negative de voltage,

Both voltages ere partially or fully mitually conpensated and, hence
the voltage =t the detector's output is approxinately equal to zero.,
The automatic loék-on unit dees not operate. Thus, noise imaunity of
the automatic lock-on is inswred. ‘

In the avtonatic target range tracking mode, (aiming), the tar-
get pulse is fed to both coincidence stages. A negative pulse will
not be taken from the output of the first coincidence stege, since
its half-gate aluays appears 4o be deleyed in relation to the tar-
get pulse (located behind the "range gates"),

The time position of the half-gate in the second stege of
coincidence corcesponds to the position of the target and at the
output of the second stage a negative coineidence pulse is separated.

As a result of this, a negative voltege oppears at the oubput
Of the difference|detector. Tne negative voltage from the detector
is amplified vy a de amplifier, half I17, end is further fed to
electro-mechanica@ relay L10, ceausing it to operete.

In the eventithat the target signal disappears, the detector
of the discriminator of the automatic lock-on terminates the voltage
to amplifier half!I17; however, the autématic lock-on is not turned
off suddenly, but}with 8 delay, broughtiabout by the "meniory™  of
the electro-mechenical reley. Thanks o the presence of the "memory"
in the followup system, the "range gates" continue to move according
to the range in the direction of the moving texget. During this
tine, the followup system, due to the memory system, tracks the
target's range. %

Afterthe autdnatie logk-on is shut joff, the relay contaets

it ! .

switch the radar over to scanning mode,

@ | |
] ‘ 143 |
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Operation of the Passive Noise Suppression Circuit
The circuit consists of the folloving:
a) Speed selecta, left half I18.

b) Stege for blocking the automatic lock-on unit, right half

Search shifting stoge, left half 119.
Search multi-vibrator, 12, I130.
Stage for ewitehing off the search shift, »ight hall I18. 1

The speed voltage developed by the follonup systen's range finder
is fed into the speed selectov, left half L10. Morcover, a positive
voliege is also fed into the speed selector from the DVS speed data
unit.

A stage for blocking Ui clki-on unit, right
119, bridges the emplifier > & ic lock-on unit, ha
Tube of the electro-rechanical relay system is locked and relay
Rl and R2 ere de-energized. After the autonotwc lozli-on unit is
switched off, the stege of the search shift (ledt half L19, relsy
R3) facilitates bounses of the ga uG—pUlCe fzon the torget pulse in
the direction of the pgreatest range and the stoerting of the multi-
vibrator of the return search.

loc
1201
-

The scarch multivibra bor, 12, 130, is sterted by a voltage fed
froi the search shift stage at the moment of the operation of relay
R3.

The positive pulse of vhe nulti-vibrator opcns the switch search
tube, half 126, The voltaze at the oubpub of the stage hecomes nesa-
tive, which leads to & stecdy increase in the voltere at the control
stege oulput and, subsequently, to a change in the search direction
from the end of the distonce of the bounce of the gate pulse, to
the beginning of the search range.

L. Operation of the Dangerous Closing Rense Signel Circuit
This circuit is composed of the following:
a) Fixed duration phentastron I28.
b) Coincidence staosc and ampdliTier T2T.

¢) Blectre-mechanical relay and range pulse cathode follower,
helf 126, Rh:.
1449
5-E-C-R-E-T
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The circult transfers a signel of +27 volts to the "0" limht
of unit TsD-34TPlL, on closinz of the airerafi-interceptor with the
target at dangerous closing range. )

The unit operates in the following manner.

The square pulse of paantastron 120, whosc durabion depends on
the altitude of the £light, can assume tiro fixed magnitudes, changes
snoothly denending on the speed of closing with Lhe terget and is
fed into the coincidence stoge.

The coincidence svege, left half 127, fixes the moment of co-
ircidence in time of the phantestron pulse and the half-gate with
a delay of 0.1 nicro-seconis (the half-pate, whilch coincides with
the pulse of the tracked target).

In this case, if the delay of the half- gatc, and subsequently,
of the terget pulse, doecs not coincide with the pulse of the phon-
tastron, the coincidence staoge does nobt supely any voltage.

With a rcduction of the delay of the holf-sote {in %he auto-
rabic traching of the terget pulse) up to the morent of its coinci-
dence with the pulse of the phantastron, the coincidence stege dis-
tributes a negative voltege, vhich subsequentl;” flows to the
amplifier,

The amplifier, right half 127, is designed to amplify the volt-
age developed by the coincidence stage and to change its polarity.
The voltege received in the outlet of the emplifier, is fed into
electromechanieal velay, half 126, relay ERh.

The electro-mechanical relay is designed to dlstritute the dan-
gerous closing signal as a 427 volts (aiverafi cireuit). By blocking
the tube of the emplifier with the voltege ol tire colncidence stege,
the electro-tiechanical relay tute is opered ond relay Rhk operates
The relay contacts glose the circuit of 427 volts (aircraft's cir-
cuit) for feeding the "o" ("Otvorot") signal.

5. Operation of thg; Circuit for Forming Vol’cages U min and U max.
‘ | .
The gircuit copsists of the following:
i I
i L 1
a) Differentibting circuit C59 and R1ke.
b) Vibrating iectifier VP-1.

c) A tro-sbage altemating soce roctifien, 124, and cathode
follover, 1eft helf! L12. \
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d) Rectifier I25 and cathode follower, left half 122, of the
spced voltage. ‘

e) Rectifier for altitude voltage, half I20.
f) The cathode follower for the height voltase, half I22.
g) Cireuits for forming the voltage Uy, T,

L) Circuits for forming the voltage UVO min.
H | *

i) The swming circuitvs I, II, III.
J) The cathode follower U max., left half I21.
k) Tie cathode follover U min., right half T2l.

1. The cireuit for shaping the U min. and U mox. voltages is
the basic link of the analogue computer, which, during the node of
eubonatic tracking of the target's range, processes information red
as e voltage of precent ranse to the tﬁr@ut and as & volvage of the
Llight altitude of the:interceptor.

Infornetion from the computer's output is fed into the Ton-46
unit as a U nox. volbtege, necessaxy for developing the permissibdle
firing zone visually observed on the screen of the radar indicator
The U min. voltage is fed to phantastron (I28) of the dangerous
closing range circuit. The megnitude of the U max. voltege at cach
current moment of time tekes eccount of the £light altitude of the
inserceptor, as well as its closing speed with the target.

2. The circvit oberates in the following menner. The range
voltage generated by uhC followup system of the ronge finder is
fed Lo tho dlf;erenul”11D” circuit ccross contacts of the automatic
lock-on mnit and across a Tilter of Jow frequencies.

In the event that the target closing sneed
varicble range voltage 1s fed to the differen

ltage ab the output of the differentiating
Zero.

S ZCro, a non-
ing circuit. The
uit is equal to

i
~t
NV
C\l

4
Y
[exbiy

In the event that the target range does change, the range
voltege at the inmput of the differentiating circult is changed so
as to correspond provortionately either to the closing speed or to
the receding speed from the targetb.

. . . . . - N -~ ]
L dz anend volbtone 11 onzeny o femenbiciing cinaviv,
4.

the maﬂnltude of which wvoltege will be pr
(8] &)
change of renge to the targev eand the sig

G
S-E-C-R-E-T
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towaerd or receding from /[the targe§7. Since the volieage which is formed
in the differentiating circuit is inadequate for shaping the volteges
U nax. and U min., it must be preamplified.

Because the circuits of the dc emplifiers possess a drift of
zero vhenever there is a change in the filament voltage and in the
supply voltage, there is utilized at the unit's input the ac voltage
amplifier I2L with vibro-converter, which converts the dc speed volt-
age after the differentiating circuit into an alternating voltage
with a Irequency of 10O ¢yeles per second.

From the output of the emplifier the elternating speed voltage
is fed to the speed voltage cathode follower, left half 112, and
then to the rectifier, I25.

The rectifier converts the ac specd voltage vo a de voltage,
vhich is sulisequently fed to the speed voltage cathode follover,
left half 122, vhich serves o5 2 Yulfer stage between the speed
volicge rectifier and the sia for shaping the U max. and U. min.
voltages.

The tuvo voltages ere token from the cethode follover's output
end differ by the scaling factor Tp, that is, U, U,

The voltage T,U, is added by the suming circuit II to the
voltage Uy, min. —and is fed to the cathode follower of the U min.
voltage, right half 121, and from the load of the cathode follover.
of the swmary voltage U min. = ToU, +uvo. min. is fed into the phen-
tastron of the dangerous closing range circuit.

From the output of the altibude cathode follower the voltege
is fed to summing circuit I, where it is added to the speed volt-
oge.

Section k. The Unit's Design

The TsD-37 unit is enclosed in an aluninun rectanguler chassis.
The unit is secured in the central frame of the radar by meens of
two locking screws, ﬁhich are placed in the formord panel, oand two
regulating pins, 1oc%ted in the wmit's after vall.

‘ o
The front panel of the unit contains the following:

A pover supply socket Tor supplying current to the Sh7 unit.

Four pulse sockdbs: T2 (geve); F3 ("Sigoel"); F6 (ARU-1);
F13 (Aw-2). i | P




Sanitied Copy Approved for Release 201 1/0/31 . CIA DP82-000380180000 3
) B — 1 2P 2

& AR

50X1-HUM |

Eight monitoring Jecks: GL ("signal"); G2 ("Gate"); G3 (Synchronization
pulse); G ("Storage"); G5 (U wex.); G5 (U win.); 67 ("Cozzend"); 68 ("Range
voltage"); 10 potentiometers: -Re ("Nech. ur."); R ("Krutizea"); RS (“Renge
win."); RL110 ("Storage"); R198 ("comnand"); R161 ("Speed"); R1L9 ("Dmex.");
R4S ("Dmin."); R153 ("Altitule"); R1PL ("selection™).

The unit's installation is in the lower portion of the chassis. The
TsD-37 unit interacts wiﬁn the DVS box in the air speed cirenit. The potent-
jometzr RI reguletes the speed of the box scale of ths DVS. The princiral
circult 1s in Figure 22 (see book of diagrams). .

|
In the housing are installed all suspended parts, wheich are ettached
to distributing plates and to tube sockeg lugs: The unit's installation
is level, of the open type and convenient to operate. The larger-sized
parts arc placed in the wnit's upper section.

The transforuers, delay lines and othér perts in the unit have been
prepared in accordance with appropriate dravings, OST (ALY Union Standaric),
GOST (Stete All-Union Standardsy, TU (Engincering Speeification) and other
stardards. ‘

The unit weighs 6.5 kilograws and its dimensions are:
7
2h5x376x135 e L

e

-0 -Huv]

<]
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Chapter Eleven

AWIEIUA COIFTROL UNIT TsD-LOTK

Section 1. Purpose of Unit

Antenna control unit TsD-%OMX is intended for shaping end emplify
ing signals for controlling the antenna:

1) in the space scanning mode;

.2) 1n the DU (renge syster) and locked-on beanm modes;

3) ‘in the automatic tracking mode; |

L) in the mode of QLLomaLic tracking of smooth noise interfexence.
Unit‘. TsD-LOTK provides:

2) in the scanning mode -~ searching noverent of the antenna along
the trajectory showm in Tig. 5;

b) in the DU and locked-on team modes;

c) in the automatic tracking mode -- antenne movement for follow-
ing a tarpet;

d) in the mode of automatic tracking of smooth noise interference
novenent for folloving the souwrce of noise interference.

The wnit's circuit can be broken dowm, according to functions per-
formed, into the folloxring channels:

1) az:.muth search channel;

2) channel of search and DU for elGVflu:LOl’l,

3) circult for seperating oub error signals;

4) channel oti DU and aubomatic ’cxadkinr for azinuth;

5) chennel of | autorata.c tracking for elevation.
Section ?,. Basic ’.\echnical Data of the Unit

i . 1 \

1. iO;erati011 o'i‘ the cireuit of the |search cnan.“f'1 T ~'
with the turning of |the rotpr of selsyn 31Sn3 through 10

| ‘ ! i
I : ’

i | !

i Lo
L g
i 2l S-E-C-R-E-T
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2. Voltage of "jumps" entering unit TsD-35 to the comrmubtation
circuit of the "Verkh-lNiz" markers:

Ul = O.SV‘
ﬁg = 30v flgz of phase 00

U3 = 30v +10V op phese 2000
- by

vith the sequence: Uy, Uy, Us, Uy, ete.

3. The current of the UPT (airect current amplifier) of the azimuth
search channel nust be 5 + 0.3 ma.

L. The voltage of "juws" entering the elevation search channel GI2
should be:

= 0.3v
1.7v + 0.2v of
= 1.7v + 0.2v of
with the sequencely, Uy, U3, Uy, ete.
5. 'Steepnessv of the cnplitude characteristic
In the DU mode:
of the azimuth channel -- 10 ma/v + 1.5 ma/v, '
of the elevation channel -- 1.0 ma/v 4+ 0.1 ma/v.
In the autonatic tracking node:

of the azimuth channel end elevation chonnel --
0.35 mafs + 0.03 na/s

In the node of autonatic tracking of noisc inserierence:

of the azimuth channcl end elevabvion channel --
0.45 mafsh + 0.05 ma/s

6. Current requirencnts of the circuits:
115 v of LoD creles -- no move than 700 na

/50
S-E-C-R-E-T
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+27v -~ no more than 300 ma
4+250v st. -~ no morc than 90 ma
-250v st. ~-- no morc than 5 ma
7. Unit dimensions -- 370 x 160 x 12h m.
8. Velght of unit -- no greater than 3.0 kg
Diagram of unit in Fig. 23 (sec ook of dizgrems).
Section 3. Description of the Unit Systen

1. 3Space Scoenning Mode

The antenna control unmit in the scanning mode provides for the move-
ment of the cntenna along the trajectory showm in Fig. 5.

The moverent is accomplished by the continuous reversing operction
of azimuth motor 3112, which provides for moverent of ithe entenna elong
en azimuthal line, and by the svitching-on of elevation motor 3N at
the terminal points of eech azimuthal line fov transferring the antenna
from one azimuthal line to another.

Control of the azimuthal movement of the antenna is provided by &
cireuit with the folloving tubes: Tl -- emplifier; 12 -- phuge detector;
I3 -- azimuth search trigger; I -- direct current amplifier (upD). |

Tuo voltages of the first and second phases of the stator of the
azimuth selsyn 318n3 are fed into amplifier I1l. At the moment the
antenna reaches the terminal point of an azinuthol line, the voltage
at the input of one half of anplifier 11 and, consequently, at the
input of the corresponding helf of phase detector I2 is equal to zero,
and this is the gipnal for reversing trigger 13.

The reversing of trigger L3 changes the inbalance sign of the
currents of UPT L4, which determines the phasc of the control voliage
of the aziruth motor and, consequently, the direction of the antemna
rirror ialong the line.

Upon the arrival of the antenna at the opposite terminal point of
the azimuthal line, the voliege at the lother half of L1 end &t the cor-
responding input|of the tube of phase detector I2 is equal to zero.
Trigger 13 is returned to its originel position end the antenna returns
along the line in :the opposite direction.

The changing .of the elevation of the antenna must occur at the end
of each azimuthal line. |

i . |

'= < | |
N : /5t
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scconds re]ative to every third‘pulse of the Triggering of trigeer 1,
activate trigger 1. % ; i
Thg total voltages| from the grids of the‘left half of 16 and the left

half of [L7 and the &eftkhalf of 16 and the right hlaf of L7 pass through
sumning |circuits R54; th3 and R55; and RI42 to the corresponding halves

of the modulator (18 --itwin triode) and ere the voltages which control

the triggering and blanking of the halves of {he modu]auor tube in the fellow-
ing seq&ence“

) bottom line -- left half of IB open
| ‘ (right half 'of I8 closed)
top line -~ right half of I8 open
! (left half of 18 closed)

middle line -- both halves of I8 closed

bottom line -~ left half of I8 open
(rife;h‘c half of 18 closed), etc.
. \ ;
Two antiphase reference voltazes with & frequency of 100 cycles are fed
into the woduletor -~ one dircctly froa transforaer Trl, the other through
contacts 3 and 4 or relay RS.

When on2 of the halves of the wodulator tube lu triggercd, a voltage
with a frcqu:ncy of hOO cycles (thc voltage of the "Junps see Fig. 9)
appears: in the load of thc modulator; causing the antenna to Jwap in cle-
vation from linec to line: The phase of the voltage of the "jumps” is
determined by the phase of the reference voltare in the cathode of the open
half of the modulator tubo

From theimodulator,‘the voltage of the "jumps" enters unit TsD-35
to the commuthtion circult of the "Verkj-Niz" markers, and also passes
through' the divider to the circuit of search and DU for elevatlon for
controllmv the opcratmn of the elevation ch:mnﬂl in the scanning wode.

The system of search and DU for elcvation incorporates the following
tubes:y L12 - ampliflcr, L13 -~ phasc detector, L1k -~ uPT,

In the scanning mode three voltafies of hOO cycles enter L12 simultancously:
the voltage of the antenna elevation correction from unit TsD-42, the voltage
of the adjuqtmunt of sglsyn 318nl, and the voltage of the "jumps.”

S

Thc alvebraic sum of the voltage of the jentenna ‘elevation correction
and the voltage of the ladjustuent of selsyn JlSnl ceuses the antenna to move
fron tha tow line to LH‘ 1ddle 1ine anl lock on it. The volter» of the
"juaps" providss for thd movement of the antemne froa the widdle line to
the bottou line and frdu the bottoan line to ﬁh' top line

/53
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With the appcaranQé of the voltage of the "jumps," thc voltasc of
the selsyn adjustment qt‘the input of amplifier L12 increases. The
algebraic sum of the thtee voltages at the input of the amplifier 1s am-
plified and delivered t¢3phase detector L13. '

{ i 1

This voltage, whiq*‘coincides with the ﬁeferenoe voltage of 10O cycles,
when applied to one half of tube Ll3, causes & decrease in the current of
that half of the tubc'ahd, as a result, an increase in the voltage at the
input of ths UPT. The ledrresponding voltage from smplifier L12 in the
other ‘half of the tuhe%bf phase detector L13 is in antiptase with, the re-
ference voltage, and this causes an increase fin the current of that half of
the phase detector and a drop in the voltagefat the input of the UPT of onc
half of Llk. R

Thus, in the windings of the magnetic anplifier of elevation in the
anode circuits of UPT Lk, an imbalence of currents equal to the difference
between the currents of both halves of the URT tubc appears.

I . |
i Sl |

The control voltagéfof the elevation mogro appcars at the input of
the magnetic smplifier: TIts phase 1s determined by the phase of the current
at the input of emplifiér L12 and its magnitude is in proportion to its
anplitud2. The elevatiPn motor 3LML changes ithe position of the mirror
of unit TsD-3LTP with fﬁapect to elevation. iThc voltage of the adjustment
of selsyn 315nl at the;irput of amplifier L12 is changed so that the algebraic
sun of the three voltazés at the input of the emplifier drops toward zero.

| i | I

The appedrance quLﬁe voltage of the "J&mps" of phase 0° and 180° at
the input to the syste&%df search and DU for;elevation corresponds to the
Jumping of the antenna!to the bottom or top line, respectively; and its
absence corresponds toithe movement of the entenna to the middle line.

With the removal 0 ithe voltage of the "jumps" under the intlucnce
of the algebr#ic sun of| the voltage of the aQtenna elevation correction
and the voltage of the| elsyn edjustuent remaining in the input of the sys-
tem of search and DU for elevation, the antenna returns to the middle line.
At the same time the voltage of the selsyn decreases in smplitude and be=-

" ‘comes equal to the antibhase voltage of the dantenna elevation correction at
the moment thT antennai}§ pleced on the pidd%e line. .
‘ [ :

Thus, at|the moment the antemne is set on any line, the!elgebraic sun
of the voltages at thelinput to the system of search and DU for elevation
1s equel to zdro. ! ’

i { o i ! i
! The absence of vo ltage at the input of amplifier LL2 cotresponds to the |
‘balance of the currents of the UPT of the channel of the system of search
end DU for elevation. i
| o | 4 | 1
J b ) - s

|
I
R

|
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The station provi&es for supprc ssion of  "ground" pulses during flights
at low altitudes. This is sccomplished by switching off the bottom line
and moving yhe scannin@ sector up by means of the toggle switch "Zashchite
ot zemli“ (Protection'aéainst the ground), located in the cookpit When
this switch is placed in the "Ikn she" (less) position, "+27y" are sent
to th: winding of relay 5 of tne TsD-4OTK unit. This triggers the relay,

ich breaks the circuﬂt from the transformer to modulator I8 supplying
the reference voltage, the phase of which caﬁses the trensfer of the antenna
£0 the bottou line. The voltage of the "jumps" takes on tho shape showm in
feg. 10; the flat mirror‘of the antenna changes its trajectory to-that
shown in fig. 11, i } |

When the switch "Zashcita ot zemli" is placed in the "Bol'she” (mory)
position, & voltege or;+27v is ‘sent to the winding of relay R6, which is
triggered, and its cloacd contacts 5 and 3 connect the voltage from the fila-
ment windings (3-4) of|trensfomer Trl to th% divider RL49, RL50, R15).. The
voltage from the dividar is added to the voltage of the elevation celsyn at
the input of L12. The" total voltage causes hc antenne mirror to tilt wp-
ward. ; ‘

2. The Rang c Systen Mbde of the Antenna

When a talgﬂt appuars on the radarscope! in the scanning mode, the
pilot pilots his alrcraft so that the target is in the lock-on zone with
raespect to nzimuth and .angle of clevatlion and gt e distance facilitating
& lock-on. To lock on' ithe target the stetion 'goes over to the intcrwediate
mode ~~ the "DU" mode = in advance.

1
In the "DU" uode th° antenne is set according to clevetion and eziwuth,

To switch the sta*ion over to the "DU" mode Lho pilot presses the
"Zakhvat" (lock-on) buiton on the alrcraft's control stick. This closcs
the clrcuit aupplylnb a voltage of 427v from the aircraft's clectrical
wiring systed to the DU relays of unit TsD-h2 (her5; Lop5-1; 42r5-2) and
LOR3. When txisgbrcd‘ the DU relays of unlt TsD-1t2 shllt the phase of the
stator os selsyn 31Sn3' (disconnects phase 3 Trom the "current ot ground"
and commects |phase 1 tu dt), end also connects a voltege of #250v st. to
the anodes of the tubd of the Dmp11f101 end the phase inverter of the channel
of DU and AS :for a21muth LOL9. ! Relay 4OR3 closes the circult of the current
of UPT L1l of the azimhth channel and bruaﬁs the circuit supplying the volt-
age of "jumps" to the systenlof search and DU for elevation.

When tbc voltage of "jwnps" is cut off, the antenne mirror is set on
the middle line with respect tb elvation by thn remaining voltege of the
ad Justment of selsyn 3lSnl and the corrnction voltage.

" yith respect

The adjustucnt ox tn amiddle line to mﬂ engle of "attack
of the station by the rcgulation

to elevationis accomﬁlished with the tuning

\
/55 |
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of the antenna correction voltage by the potentiometer ("Mul'H")  (Zero n).
i L
The entenns is seb on zero with respect 'to ezimuth by the voltage of
selsyn 31Sn3 'taken in 1Q;he DU mode from the second phase of the selsyn stator
relative to tic ground?d first phase, ;
i P |
The volthe of thé selsyn passes through the amplifier of the lert
half of L9 tol the phase inverter of the right half of L9, and two antiphase
voltages of equal ampl:itjude are fed into the [grid of phese detector 110,

The anodLe feed ofspb.ase de{;ector L10 in 'the DU mode is a squared
voltage with F frequency: of 400 cycles,
Y ‘

In the a%sence ofgthe selsyn voltage at the input of the amplifier of
the left balf|of L9, valtages are taken from the load of the phase detector
to the grids of UPT Ll',iproviding 8 balence Ef the currents of the UPT,
en iubalence of the currents of ithe UPT. The control voltage of the aziuuth
motor appears|at the in Ut of t§e~magnetic amﬁlifier. The motor rcduces the
selsyn voltagi at the 1 ﬁut of the amplifier bOf the left half of L9 toward
2ero, The moment & zero value ﬂs established| for the voltage from selsyn
31Sn3 at the %nput of the circuit, the antenna is st "zero® elevation,

Thus, thé antenns, hirror 1s set at the ‘gle of "attack" with respect
to elevation and at 2exd" with [respect to azlmuth.

| b
3. Locked-On Beau Mode' '~ |

When the}station isgswitched over to the [locked-on bean mode, the
antenna contrql unit TsDﬂhOTK 1s switched to Rhe "DU" mode.

The an#c* a is s?t_ét the mﬁgle of "attadk" with respect to clevation
and at "zero" with respect to ezimuth. : :

4. Autometic Tracking Mode
Renge lock-on oc&u:s when the "Zakhvat" button is pressed in the event
of a target coming into ithe lockion zone with respect 1o azimith and angle
of elevaticq an_whenjtne range 1s sufficient. - f
: . [ ?t :
The auﬂthtic range, iock=on system is put| into operation;and the
* "eurrent to ground” is fe ¢ winding of relay 426 (relay of the auto=
metie lock-on systen)| th tacts 7 and 12 of relay 37RL and the
"Sbros” button| in the,cock . ~ : o

|
: ‘ ‘ O :

A current hes ontacts 7 and 6 b2R6 ¢o the

connection of ind - BORR; - The antenna control unit to

the automatic 2 R e Ry o ol .

[

|

I

|
Sl

ol
I
A I
Al

.
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The contact groupL of relay LORL switch bver the circuit of the

atuomatic tracking ¢ 1 for TZLmuih' specifically, the reference voltage !
vith & grequency of 40 cycles s cut off frog the input of the squarer of
the azimuth channel of |the right helf of L16 mnd the reference voltage from
the GON= witﬂ a frequclcy of T30 is switched on. The input of ‘the phase
inverter of the right hﬁlf of L9 is cut off fkom the amplifier of the left
half of L9 and conneutqd to the output of the.c1rcu1t for separating out
error signals Ll5.

\" |
!

Relay hORQ commutdies the eircuit of thn automatic tracking chennel
for elevation -- cuts off the UPT of the nhannel of’ DU and elevation
search L1} from the magnetic amplifier of elevatiog and connects to it
the UPT of thc automatic tracking channel for»elcvatlon L19.

When the station isi switched over to th°|autonatlc tracking mode, the
video pulses of the target, emplitude-moduletébd sccording to the sinusoidal
lav by the scenning of the radiator, are sent' to wnit TsD-hOTX (peg )
froa the output of xeceiver TsD033. The video pulses are detzcted by the
peak-detector of the left helf of LlS. |

As a result of the detection, the modulation cnvelop: of the video
pulses,, the so-called error signal, which contain information on tha
an'u1a1lposit*on of the targst, is szparated out. The eaplitude of the
error smgnal is proportional to ths angle of mismatch between the equi-
signal dircction and thc direction to the target.

The pha e of the ervor si onal chazacbezi?es the direction of the
deviation of the target with respect to the equisignal direction. The
error signal simutaneously enters the azimuth!channel and the elevetion
channel, the circuits of which are completely!identical. Therefore, the
opezntinn principle of . only the azimuth channel will be presented. The
opcration of thc elcvation channel is the same.

In the autouatic traeklnn mode theerror SLanl in the four of a
sinusoid with a frequenty of T30 passes Troa tho output of the eircuit
for separeling out error. signels L15 to the iaput of th° paase inverter of
the right helf of L9, The nhase inverter divldes the "error signal" into
two singoidel! voltages of cqual auplitude waith are 180° out of phase
with each othér. These voltages enter the Input of phase detector L10, the
anode féed oflwhich is the squared voltage of|the azimuth GOI , and cause
voltage drops) which bave the same megnitude but ere opposite in yegpect
to the sign of the incrément, 1n the loads ofithe phase &etector.

Thg volts ges fron £h° loads of the phase!detector, acting on the
grids of UPT tube IL1l, éreetn an lmbalance of|the currents of the latter.
Tha magnituﬁe of the. iubalance of the currents end, consequenily, the
negnitule of tne incte itnt of voltege drops in the lozds of ihe phesc
detector are proporbion?i to the amletude 0f1the error signal (i.e. to
the angle of pis match),‘and the sign is deternined by the phaae of the

‘\ |
! a

| |

Sl |

} f | v‘ !
o e f
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error signal (i.e. ithe direction of the deviation of the target),

The imbalance vf the currents of the, UPT is converted by the magnetic
amplifier:(in unit TeD-4) into the control voltage of the wotor, under
the action of which the motor moves the antenna mirror in respect to
azlmuth in the direction of decreasing the angle of miswetch until the
equisignal direction and the directionto the target coincide.

; |
+ The circuit of the autouwatic tracking channel for elevation incorporates

the Tollowing tubes: the right half of LT -- phase inverter; 118 -~ phage
detector; L19 -- ypp, . ; '

Tae voltage of the error signal goes‘dircctly to the input of the
phase inverter of the right half 117, Thd anode voltage of phase detector
L18 is the reference voltage of the elevation GON , squared by squarer 116
and but of phase with the voltage of the azimuth GON- ,

The operation of the automatic trackipg channel for elevation is exactly
the same oy the opsration of the automatic: tracking channel for azimuth,

'Thus, the separation of the azimuthal|and elevedion engle components
of the error is acccouplished in phose detectors L10 and 118 through the
comparison, with respect to phase and emplitude, of the eryor slgnal end
the GO voltages, one of which is "attache@" to the position of the radiator
in space in the azimuth Plene, the other -+ to the elevation plane,

‘ |

| ' b
5. Mode of Automatic‘Tracking of Smooth NTise Interference
In the event of smooth noise Interference, the station is switched over
o the "interference” mode by moans of the wode switch on wnit TsD~h1TRY.
With this, a voltage of 127 v enters the vindings of reélayhORh; ana lomo.
The antenna control unit TsD-LOTk 1s switehed over to the mode of automatic
tracking of swooth noise interference.

In this mode ampl%tude-modiried noise interferclce enters the hich-

Trequency input (pin 7h) of unit Pep-hogy from unit TsD-33.

! . |

The separation Of the error signal end its division into components
of azimuth and elevation is accomplished in the sawe manner es in the
automstic t#acking.mddé. ‘

H : C i .
In comparison wi‘, h the eutomatic tracking mode, the amplification ;
factor of tHe error s gnal in the right half of L15 during the operation of
relay hORM increases spproximately 1,3 times in the mode. of automatic track
ing of noise interferbrce. The increase injamplification results from the
fact that i the mode|ldf automatic tracking jof noise interfe;ence the antenr
is only reeeiving; thevefore the axplification of the chémnel of angle track
ing of noise interferdnce is 4 creased. -Consequently, the quality of the

. ' R E i . o . 7',""
A |

| | BEsCoReE-T i
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| |
tracking system (i.e. the speed of tracking) during the tracking of noise
interference decreases, To waintain the quality of the channel of angle
tracking during operation for noise interference the emplification factor
of the amplifier of the error signal (right helf of L15) in unit TsD-LOTK
is incr"ased.

Section #.‘ioperation Qf Terminal Switches for Limiting Antenna Movement

For reducing wear 'of the wechanisus of the antenna reducers there is
& systme for limiting the voltage in the control windings of the azimuth end
elevation uctors upon, arrivel of the antanna at the meximum angles of
operation,

The circuits of the terminal switches for the ezimuth and elevation
channels arc the same, ‘end only the circuit | or the elevation channel is
described below, :

When the antenna arrives at the maximum angle of operation, the top
or bottom teruinsl qvitch is triggered. Suppose that under the action of
the control signal fed to the grids of UPT 119, the entenna woves downward;
the current throush the windings MiWu2, MWul is preater than the current
through the windings WiWa2, Wy, which corvesponds to the hisher potentisl
at anode 1 of tube L19. Vhen the bottom teruinal switch KV2 is triggered,
relay 4289 is switched on, closing with its ‘contects the ecireuit of diode
42D1. A current flows through diode 42D1, equelizing the cwrrents through
the control windings of the mapnetic amplifier. Tie voltage at the output
of the wagnetic auplifier drops to'2-lv and the wotor shuts dowm.

Obviously, changing the polarity of thc control signal in the grids of
UPT L19 must cause thu appearance of & volte e at the output of the magnetic
amplifier which will cause the entenna to mdve in & direction away from the
terminal svdtch, i.e.iupward. This is possible since in this cesz the in-
crease In current passes through the control windings [omission?] i.e. the
potential of anode 1 is lowered with respect to anode 6, There will not
be an equalizing curient beceuse of ths large reverse resistance of diode
L2DL. When the enteniie leaves the mechanicel stop the terminal switch is
turned off and relay 42RO is released. :

The operation of the teralnal switeh for Limiting the upward movenent
is the sane as that of the bottou terminnl switch.

Section 5. Construction of the Unit

The wnlt os mounted on a 1°cLQn~u1ar chessis. The unlt is fastened to
the main fraae of the station byueans of three screws in the front penel
and two guide pins in the rcar well. On the face vensl of the wnit are
thr Jollowlns: fead Joins of walt Shld, hijh feacucney Joind £ -
Jacks GL and G19, Tive potentiometers: RT0 ("palance A"), R127 ("Ealance TDU")

I
i

/59 ‘
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‘ |
end R148 ("Auplificetion of noise interference"), R110 ("Amplification of AS")
with scales on the éxis for convenience of reading the sumplification.

1 .
On the Chassis!of the vnit arve all large parts end four potentiomenters:

RR (Balance of Juups"), R53 ("M¥agaitude of Juaps"), Reh (“Balance of Search"),
and R25 ("Spced of Search"), ‘

The assembly 1% flat, of the open type, located in the bottom part of
the unit. _

160
8~B-CeReE~
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2
L
mGNETIC AME’LIFIER AND ANTENNA TILT STABILIZATION

t UNIT TsD-LhTp

Section 1. Purpose of Un ‘ 5

| | |
The purpose of the mognetic amplifier ,Land antenna tilt stabllization

wilt TsD~’+l+Ti’ is the ka‘mplifica'bion of powerl in the automatic control
system of the antennanelectrir motor 31ML (elevation), 31M2 (azimuth),
and 31M3 (ti}t) and the stabilization of the scanning zone positim in
space in relation to 'bhe Jongitudinal axis of the plane when tilting.
Section 2. Basic Tec&nic&l Data of the Uth
1. Minimal output: voltage of the magnetic emplifiers MULl, MU2 end
MJ3 in the balancing oi‘ currents in the conbrol wmdlng should not
excecd '8 volts. '
2. The’ eyeepness of the velocity cﬁaralzcteristic in the wnbalancing
of the control currents, AI equals lma -
ML Kequals 0% 2 deg/sec ma
M2 X equals 1.5 1.5 deg/sec ma
3. The coefficient of auplification of the t1lt channel operating
on motor E}viuiSIvI should maintain & steepness of veloelty characteristic

such that K equals 1o+2 deg/sec. v.

b, fThe zone of insenmtlﬂ.ty of the magnetic amplifiers MU1 and
MU2 should not ex ceed 0.2 ma, and that of M3 «¥0.4 ma.

5. 'l‘he tine relay- mainteins & time delay in operation of

T
‘ S<E=C-R=-E~T i

6
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1.5%0.5 s;tec. |

6. The vol?‘age put out by the unit for supply of the transnitting
selsyn of the 1186A signal distributor is '3642.5 v. at Loo eps.

T. The current consumntion of the unlt along the 115 v. at Loo
cps circulf should not exceed 3 anmps,

8. Umit dimensions - 362 x 235.5 x 1_35 .

9. Uﬁit welght - not more than 8 kg.

Block;diagreun of the wit is on Fig. Eh (see book of dlagrams).
Section 3. Descripticin of Unit Circuit i

The bJ7ock diagrazn of the TsD-UATP unit can be divided into the

following component pa.rLs :

untennu i1t Lontrol clreuit L2 and Lb
| {

magnet‘ic amplii‘ie_r of the MULl azimuth channel;

inagne’c’ic a.mplifiei* of the MU2 eleve.tian channel ;
| ‘

gnet“r!.c amplifier of the MU3 tilt cha.nnel
|

'J.‘he antenna 11l control circuit consists of:
time rglay circxiit 16;
amplifj.er L2;

phase életector L34
. Tm of |t11t Lh; ! .
UPT 08 (obratna&a svyaz': feedback) L5,
n the modes of Bcla.nning and DU, (up tb lock-on of i;arlget for

range), the \point of entry of amplifier 12 is through the névmally
i 1

|
] i Kz
. 8B-C«ReE-T
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closed contacts 3 and[h of relay R4 cownectTd to the rotor winding of

the antenna t11t stabilmzer selsyn 31Sn6.

The l&tter is & repeiver selsyn of the‘tracker t41t transmission
.

system from the AGD-ngyroscopic remote att%tude transmitter through

the 1186A signal distrlbotor at the input of the antenna tilt control

circuit. }

During lateral t;lts of the airplene relative to the longltudinal
axis a mismatch occura beuween the AGD-1 selsyn trensmitter and the
selsyn receiver of the 1186A signal distributcr The mismatch signal
_from ﬁhe rotor of the scluyn receiver of the distributor is fed, in the
form of a voltage frequency of 400 cps, to the tilt output ecircuit of
the dlstributor, consistlng of a signal ampllfler and & motor. The
amplified voltage conﬁrpls & motor which turns the rotor of the’
distributor selsyn‘trénémitter connected difectly with the 315n6
selsyn receiver of thé TsD-3lTP unit.

The selsyn recelver rotor and the selsyn trensmitter rotor of

the distributor are directly connected to one another through a

reducer with a gear ratlo of l:2. In such manner the selsyn trans-

mitter rotor of the distrlbutor turns at an angle equal to twice ohe

|
t1l% engle of the alrplane.

The change in thé p031tion of the dxstribu or selsyn transmitter

rotor causes & redistribution of current in|its stator windings which

1

is transmitted to the wﬁndings of the statow of the 315n6 s2lsyn
C

receiver.

i
{
{
!
|
;
C
i
i
i
i
i

s
| 8-B-C-R:E-T |
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A voltage originates at the 318n6 selsyn rotor which proceeds to

T

the input of the énﬁlifier L2 of the antemna tilt control through
P i
contacts 3 and 4 of relay Rl of unit TsD-LUTP,
Auplified voltagc Dproceeds to the ihput of the phase detector

L3, into which are,fed in anti- phaue two 1elcrence voltages with a

!
frequency of 400 cps from the reference tra.ns Tormer Trl.
!

There orlgina?ea &t the output of the prhase detector an wnbalance
i .
! ;
of voltages which ,’affecting the input of the d-c amplifier Lh ’
|

causes an unbalance oa" currents flowing 'thougn the control windings
cof the tilt magnetic amp.LiIier Mu3.
At the MU outpul, there appears a L00-cps voltege for control of
the tilt electric motor 31M3. The motur jturns the tilt platform of
the antenna in the icl:x rection opposite to thaﬁ 'of the t1lt of the
a.irplans; » In thisg ma.lmer select:Lng the tilt of the airplgrle. Simultanco-
usly the rotor of ﬁ}he 318n6 selsyn rotates through the reducer with a
gear mtio of 1:2 ?pploachmg the condition of the otor of the selsyn
transmiﬁter of the ‘1.186.4 signal aistributor. During this time the
mismatgh signal at the output of amplifier I2 of the antenna tilt
controi circuit decreases, qna when the rptor of selsﬁn 3;Sn6 reaches

the For;dg.tion of’ the | rotor ‘i‘ the distribhitor selsyn triran‘smitter it

| R
is eqnﬁﬁ to zﬁror

The tﬂt mo{‘.or ‘stops o;Lerating. The : ' turns out to
! 1 y : R

angle of the airpla 'hhe dire 10 _‘oppo ato the
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stebilized.

l
il |

After lock-on of%z'lihe target for range 81.4-27-\)‘. voltage proceeds
\

from the automatic lobk-on relsy 42R6 of unit TsD-42 to the winding
. of relay R3 of unit TsD-hhTP. Relay R3 operates and switches in &

stabilized +250 v. volta.ge tc the time relay circuit and commects the

frame at its outpui; durmrr this time the 20 v. cub-off bias is

switched off. The time relay maintains a tme delay in Rl relay

operation of 1.5;1‘0.5 5eC.

Relay R4 disconneéts the rotor of sels&n 31Sn6 from the output of
amplifier 12 of unit TsD-hMTP and connects ghase 3 of the stator winding
of the 318n5 selsyn fbr return of the anteﬂna to zero tllt.

The voltage of the 318n5 selsym, act*no at the oubput of the
antenna tilt controljcircgit, starts the tilt motor 31M3 operating
toward reduction of Qoltage at output 12 to zevo.

Selsyn 31Sn5 isistabilized in such manﬁer that the zero.value
voltage of phase 3 of the stator coincides vith the zero oﬁ the tilt
scale. 1In such m_nner in switching to the aiming mode the tilt
stabilization of the antenna is switched off

For protection éf the tilt reducer during large anguler deviations,

/

!
in the tilt UPT circuit are connected diodes DL and D2 through the
normally closed contacts of relays Rl and Rl and R2. Relays Rl and

R2, diodes D1 and D2 and microswitches 31KV5 and 31KV6 of unit Tsd-31TP
comprise the circuit for end protection of the tilt reducer.
The tilt ma;netic‘anplifier MU3 is thae pover andlifis of the tily

channel.
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Currents of tilt UPI! L’I, floving throu{;h its control windings, are

* the MU control signaJJ 1

The feedback volwtag,c from the tach genem’cor 31TG3 is amplified

by the UPT feedback LFf} and proceeds to the NU3 feedback windings.

The feed of the operating coil of the r‘:na[;netic amplifier is
i |
\ \
accomplished by a voltage of 115 v. at %00 bps through the MU3
protective clreuit (reley R5 and RE), asswring its feed to the MU

only after the bias winding is supplied with a +150 v. voltage.
The protective ciircuit prevénts the mat;nctic amplifier from
; i
going out of operation in the absence of MU bias.

|
The azimuth and clevation magnetic mlpiifiel's MUl and MU2 are

hooked up in one circuit a.nd are the power OI’]PllflGI‘S of the respnctlvc

|

channels of azimuth &nd clevabion.

The input signals of the MUL and MU2 are the UPT currents of the
. - |
azimuth and elevation chamnels of the anten;na control unit TsD-4OIXK.
l

'I'he operating cdils and the bias windlhgs of the MUL and MU2 are

Y
fed from the reference tre.nsformer unit Trl.

!l.‘he feedback voltage i‘rom the tack generators 31TGL end 31TG?
proceed directly %o t‘he feedbe.ck vindings of MUl and MU2.

6utput windings vof the m?.gnetic amplifiers sre conneci;ed to the
control windiags of th azimul\ch and elevation motors 32 end 3LAL.
‘Bection h. Unit besi‘ | ‘

e unit is mcun Li on t‘ chassis.

“The | uni.t is &‘lbtgc%-ed to be cage by £au

0

e
,l‘ ¢
ha

v,
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On the front pe.njel of 'l‘?he unit are 1(])caj;ed nonitoring jacks Gl to
Gl2, a cable with pfl.ujg ERIvIILéBPTISOShZVi an%{ potentioneters Rl
("Balance K") and Ré%("Ampliﬁcation"). ‘
P ‘
All lerge dimens‘;mn components, partjé and tubes are positioned
‘
in the upper vart of ;the unit chassis and are closed from the top by
a 1id attached by sﬁ screws to the unit chassis.
“Tu the lower paﬁ of the chassis is located a set of suspended
parbs which is also covered with a 1lid atibached to the wnit chassis by

SCIEWS.

07
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Chapter Thirtéen

! i
SWEEP UNIT ’I.‘sD-ﬁLG

Section 1. General Charactemstics of Um.‘c

Unit TeD-6 opnrates jn the scanning and aiming modes and is the
sweep unit for brightness indicator TsD- 33LTI’IL

The purpose of the wnit is:

1. In the scenning mode, providing B-sweep display on the screen
of the indicator malcing it possible to determine in the Cartesian
system the coordinate%s of the range to the target and the azimuth
angle. ‘

2. In the aw'ming mode, providing on the screen of the indicator

a "floating spot" type sweep display in vne form of a "bird" making it

| 1 \
possible to determine three target coordlmtem range, azimuth angle

and elevation angle o

3. The shapllg of & leunch zone puloe , ‘the duration and location

of vhich on the "f oating gpot" type sweep establish on the indicator
gereen the zone of Hermissible firing defkndmn on the speed of
approach of the inl'.efrceptor to the btarget and on the height at which
it is flying. } '
Sectioin 2. Basic l‘elchnica.l Characteristics of the Unit
:fn the scanning mode:
1. Intensity pulse of.' range ‘sveep At Jack G15:
| duration | Ty microsecbnqa

amplitude]  BOR10 v.

polarity | . positive

Sanitized Copy Approved for Release 201 1/03/31 : I-RDP82-08R18010013
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I
2. Voltage o%f%range séueep:
duxation To microseconds
3. Voltage of a.zimuﬁh sweep during the combined operation of
wnits TeD-3LTPM ana TsD-46,
In the aimingfmode:
1. Intensity{pulse of range sweep ét Jack G15:
amplitude 80%10 v.
duration '.[‘p niercseconds !
polarity ‘: : positive
Voltage of range sveep at jack @12:
amplitude 20%5 v.
duration T p. r. microseconds
Pulse of "launch zone" at jack G15:
amplitude 30i‘ 5'v.
polarity ‘ negative
The voltage of the azimmth sweep: durmg the combined operation
TsD-34TPM and. TsD-U6 18 ~30%5 v, o0 -h5+10 v,
5. The voltage of the elevation e.ngle sweep during the combined

operation of units TsD~-34TPM and TsD-L6 is -30%5v. to 4510 v,

.

6. Synchmnizing pulses and range puises at the input of the

cathode repeater: :
auplitude bf pulse at Jack G2 - 50310 v.
! i
s \
amplitude of 1range rulse at Jack ?l - 3555 v,

polarity - joos Itive

|
|
|

S-E-C-R-E—T
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|
l
i
I
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. 7. Synchronizing pulscs and range pulses at the output of the
cathode repeater at él?:
® amplitude of the pulse
amplitude of ;bhe range pulse
polerity - po‘sitive
8. Consumption of unit TsD-.h6 during the combined operation with
unit TsD-34TPM along the circuits: }
15 v. 1&00:' cps = no more than 0.7 amps.
42T Ve = not more then 1 amp.
4250 v. s’oa‘o:&ized - not more than 0.16 amps.
=250 v. stabilized = not more than 0.02 amps.
15 v, 6od ﬁo 900 cps - not more than 1.5 amps.
9. Weight of t‘ne; unit is not more thnn 6.5 kg.
Block disgrem of ‘the unit is shown 0“1 fig, 25. (see catalog of
|

diagrams ). i

Section 3. Descriptiori of Unit Circuit |
\

The following eircuits 3 ‘named accordim to thelr correcponding
ﬁmctions , are included in unit TsD-46;

1. The circuity for 'Lher shaping of the range sveep and the

t I i
circuit for the shal‘:h?g of 'Lrteusity pulses in the scm;mir;g mode
i ‘ '

(13, T4, 15). | } Sl AR
z

' 2. The circuit tor theLshaping of the azimuth swgpplin the
D5,

gcanning and aiming|modes Dl]

3./ The circuiy for thel shdpi‘qs

mode 163 left 1/2 of

|
I
t
|
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4. The circuit for the shaping of pulses in the "launch" zone in

v l

aiming mode L1k; LJS, and 116.

5. The circuit for the shaping of ranve sveep iutensity pulses in
the aiming mode 13 and the left half of Lb.
6. The circuit for the shaping of the elevatlon sweep in the

eiming mode D12 and b13

7. The circuit;for the shaping of the zero and present range -

right half of LT.
1. The Circuit for the Shaping of the Rangc Sweep and the Circuit for
the Shaping of Inten y Pulses in the Scannlnn Mode.

The circult for the »haplng of the range sveep is designed for

producing the range sweep on the screen of:the,cathode ray tube 34Ll

and consists of the follow1ng elements i
&, Sawtooth voltage generator - righ‘c helf of Lk;

b. Sawtooth curren'b generator - L5.

The circult for the shaping of intensxty pulses consists of the
intensity multivibrator L3 and the cathode jrepeater left half of Lk
and is intended for the‘proauction of pulsqs intensifying the range

sweeps The operétioﬁ of these circuits préceeds in the following
) |

MANneT s T : f

The intensity multl ribrator L3 is triggered by pulses from unit
TsD-25TK, successively with a frequency of Ty, and develops & square

pulse with & duratiop of To mleroseconds of pocivive and negative
polarity. L

P
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The positive pulaes of the intensity multlvibrator threugh the
cathode repeater left half of Lt proceed to the nodulator of cathode
ray tube TeD-3UTPM for intensifying the range sweep.

The amplitude of the intensity pulses, and consequently, also the
degree of luminescencé‘of the range sweep ar; regulated in the TsD-34TEM
mwnit with the help of the potentiometer "Gweep iantensity!,

The negative pulses of the intensity mnitivibrator proveed to the
input of the sawtooth voltege generator rigﬁt half of Lh.

'The sawbooth véltage generator develop% positive sewtooth
voltage pulses with a pedestal (trapezoldaljvoltage) required for
conpensating of the noﬁlinearity of sweep caused by the transient
condition on the spuriéus capacitance of thé deflecting coil. -~

The trapezoidal voltave pulses proceed to the sawbooth currewt

~—

generator, the anode load of vhich is the éeflect:.ng coil 3LOKL
!
(3 - %), located in the unit TsD-3LTPM. {
As e result of the simli,aneous action| of the pesitive intensity

pulse of the range sx-reep supplied to the modulator of the cathode ray

tube 3411 and the lineér sawtooth current péssing through the deflect-
ihg coil 340K (3 ~ u)‘ there is produced oﬁ the screen of the
indicator of unit TQDOBMUPM a range sveep 1£ the scamning mode in the
form of luminant vertical 11nes (during suf11c1ent amplitude of the
intensity pulse). The distance of any poinL of the range sweep line

to 1ts zero is propoi*‘i?.onal o the distence to the target.
| -

[
i
il
i
|
|
|

[
|
| S 00

Pi
f%
i
I
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2. The Circuit for the Shaping of the: Az1muth Sweep in the Scanning and
Aiming Modes )

The circuit:for the shapiung of tﬁe azimuth sweep operates in the
scanning and aiuing modes and is designed for producing:

" a. 1in the scanning mode: a sawtooth voltege of azimuth swecp, un-
der the influeuce of which the line of the range sweep traverses along
the azimuth scale of unit TsD-34TPM in accordance with the :novement of
the antenna beam #n space in the azimuth direction;

| . . .
b. 1in the aiming mode: a variable voltage, under the influence
of which the "bird" in unit TsD-3UTPM traverses on an angle corresponding
to the angle of rotation of ihe antenna bean tracking the target in the
azinuth direction.

A change of mode of operation of the circuit is accomplished by
the commutetion of the input voltage and the output loads. The circult
can be represented as a phase detector incorporeting crystal diodes D1k
and D15. To the input of the phase detector of the azimuth sweep in the
scanning mode simultaneously errive the reference voltage with a 400 cps
frequency from transformer Tr5 and the voltage from the selsyn trans-
mitter 31Sn2 of the sane frequency moduleted according to the law of the
rocking of the antenna. The first voltege proceeds to both dlodes D1k
and D15 in phase, and the second ~ in antiphase.

The horizontal deflecting coil 340K (1 - 2) serves as the load of
the diodes D14 and D15.._ The phase detector converts the variasble vol-
tage of the azimuth selsyn 315n2 into sawtooth voltage of the ezimubh
sweep. The currents originating in coil 3%0KL (1 ~ 2) excite in it such
magnetic fields which produce horizontal movements of the range sweep to
the left and to the right relative to the zero of the azimuth scale of
unit TsD-34TPM. This movement of the range sweep along the azimuth
scale of unit TeD-3WTPM correspounds to the movement of antenne TsD-3LTP
along the azimath in relation to the longitudinal axis of the airplane.

The left position of the anteuna corresponds to the.left position
~of the range sweep on the indicator screen and vice versa.

In the scanning zone in order for the target blip to take form of
a solid horizontal line the output voltage 1s modulated by a T30 fre~
qQuency voltage of counstant amplitude. !This voltege is taken froam the
reference voltage generator (from GON) of unit TsD- 31TP,5nd is fed to the
output of the azimuth sweep circuit through the coantacts of relay R6.

In the aiming mode at the input of the azimuth sweep circult is
connected selsyn 31Su3 (L:k4), the voltage of which changes according to
the lav of the antenua 1 barget tracking bean.

173
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The deflecting coil 3WTOKL (1 - 2) serves as the load for the
azimuth scanning circuit in the aiming mode.

3. The Circult for the Shaping of the Range Sweep in the Aiming Mode

The circuit for the shaping of the range sweep in the siming mode
is designed for producing sawtooth voltage under the influence cof vwhich
the cathode ray tube beam moves in a diametrically opposed direction
from the center of symmentry of the "bird".

The éircuit consists of the following elewents:

a. trigger LG;
" b. paraphrase amplifier left half of LT;
c. phaatastron L8;
d. fiultivibrator L9;
e. sawtooth current II generator 110, parallel to which 1s con-
nected the deflecting coil 34%0K1 (5-6).

The indicetor triggering pulsss "Tx#5" coming from unit TsD-25TK,
in this mode With a frequency of TL9 iniuviates trigger L6 from the out-
put of which are taken negative and positive pulses to the input of the
paraphese amplifier left half of L7. From the peraphase auplifier the
trigger pulses proceed simultaneously to the differentiating circuits
T and II. Positive pulses taken from di{fferentiating circuit I trigger
phentastron L8, andéxhe~hegat1vé pulses taken from differentiating cir-
cuit II trigger multivibrator L9. The negative pulses of the phantas-
trou and the positive‘pulses of the multivibrator proceed to the input
of the generator of isawtooth current II. EThat generator acts as an amn~
plifier with negatiqe;feedback (integrator). For this reason it change
the pulses of phantastron 18 and multivibdator L9 from rectangular into
trapezoidal. The pﬁlses of* such form andgopposite polarity are re-
quired for producing,the left and right range swveeps (left and right
"wings" of the "bird") with the help of the deflecfing coil connected to
the output of the sai'»wltooth current II gengrator L1O.

[

For matching the start of the left range sweep with the start of
the right, to the i@ppt of the sawtooth current generator are fed trig-
ger pulses proceedi?gifrom the paraphase guplifier left half of LT.

| , :

During the présence at the modulator of cathode ray tube 34LY of
unit TsD«34TFH of a§ Intensity pulse of the range sweep in the aiming
mode &nd the presenetof range sweep antiphase, trapezoidal pulses at
the deflecting coil|340KL (5-6), on the s¢reen of the indicator there

. w11l be lighted up &n| image [in the form of & "bird" with two range sweep
"wings", the point of| junction of which.w]ll be the center symetry.

‘ P
4. fThe Cixcvit for|the Shaping o fPulses|in the Launch Zoue in the

s

|
| I

i

|
|
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Atning Mode. | | | i
l ) I
The circutt for thel shaping of pulses in the missle lsunch zone is
designed for producing pulses whose paﬂametevs depend on the speed of ap-
proach of the irte;cepting Tairplene tu the target and on the altitude of
the interceptingtairplane. ‘

The circuiﬁ for the shaping of pulses in the launch zoune consists
of: [ 1

a. phantastpon D min. Llk; §

b. phantadtron D max. L15;

c. mixer left half of L16;

d. videoamplifier right half of L16;

Phantastron D min. and D max. are triggered by pulses from unit
TsD-25TK and devjlop square pulses with the duration of pulsc of phen-
tastron D max. determined by the magnituue of the control voltage, U
max., and the dunation of the phantastron pulse D min. is constant.
Voltage U max. cqmes from unit TsD-37. | Square pulses of phentastrons
D min. and D maxi ‘proceed. to thé'mixer left half of L16. During this
time & positive pulse, which is the difference of the output pulses of
phantastrons D min., and D max., is produced at the mixer load. This
pulse is called the launca zone pulse.

. |
The magnit&de of delay of its leéding edge depends oun the duration
of the D min. phantastron pulse, and the magnitude of delay of its trail-
ing edge -~ on thé duration of the D max. phantastron pulse.

In addition to the launch zone pulse, to the input of the mixer
left half of L16| 18 fed the range pulse from unit TsD-37 for producing
an added intensihy of ‘the range markers located in the shaded launch

. zZone.

From the output of mixer left hulf of L16 the positive launch zone
pulse with the neg&tive range pulse (or without it) proceeds to the in-
put of the videodmplifier right half ofl L15, is intensified and already
of opposite polaﬁity is fed to the multlvibrator of intensifier L3.

5. The Circuit ﬁor the Shaping of the Range Swesp Intensity Pulses in the
Aining Mode ;

g

The circuit for the shaping of the range sweep lntensity pulses in
the aiming mods does not differ, in the main, from the intensity circuit
in the scanning mode and lLncorporates the very same tubes L3 and the
left half of Lk which perform analogous functions in both modes.

The principle of operation of the circuit for the shapiang of the
renge sweep intedsity pulses in the aiulng mode consists of the following.

/7
§-E-C-R-ErT
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The L3 intensﬁfier multivibrator in' this mode is triggered, in dis-
tinction from the scanning mode, by To pulses coming from the TsD-25TK
unit with a frequanhy of T19. At the output of the multivibrator, in ad-
dition to the multivibrator's own pulse, there is also produced a launch
zone pulse with a range or without it, prbceeding from L16. Such & com-
posite pulse is fed!to the modulator of the cathode ray tube Ll of unit
TsD-34TPM through the iutensity pulse cathode repeater left half of Lh.
Owing to the presence of the launch zone
of the intensity pulse end thereby cutting off tube 3LL1, not the entire

range sweep of the Biming mode is intensified.
ted sections depend

queutly, on the spe
interceptor. :

E

:on the duration of t
d of approach to the

ulse, decreasing the amplitude

The dimension of illumina-
he launch zone pulse and, conse-
parget and on the altitude of the

6. The Circuit forgﬁhe Shaﬁing of the Elévation'Sweep in the Aiming Mode

The circult foﬁ the shaping of the rlevation sweep operates only
in the aiming mode Bid is designed for producing & variable voltage under
the influence of which the "bixd" of unit| TsD-3WIPM changes in angle cor-

responding to the &

elevation.

ngle of rotation of th

e antenna tracking the target for

This circuit consists of & phase detector incorporating crystal di-
odes D12 and D13. At the iﬁput of the phase detector there arrive simul-
taneously referetce voltage with a frequency of 400 cps from transformer
Tr3 and voltage fromiselsyn 31Snl (1:4). iThe first voltage goes to both

diodes D12 and D13

Since the circult for

in phase, the second -

]

in antiphase.

‘the shaping of the elevation sweep does not

differ from the ¢irguit for|the shaping of the azimuth sweep s fed to the
vertical deflecting coil 31+?x1 (3~ %) of
b

7. The Circuit for the Shaping of the Ze
The circutt fpf the shaping of the
and the present range incorporates the ri

& cathode repeater,
340K2 (10 - 11) of

: o
The pulses fr;

ﬁ,he load of which is
m‘nt TBDT33+TPM.

i ‘
om unit TsD-257K and %

37 proqeed to th

e tracking

Pasding through cofl

wards) deflectio
el !

The deflecti
is, at igzero ran

me.

.

ining points

tput of the cathode r

équenc vof these and|
,|340K2 (10 - 11), the
{the. ray of the tube.

of the beam occurs &
rough the action of 't
of swedp - through ¢

unit TeD-3LWTPM.

r0 Markers and the Present Range
pexro range markers ("marker")
ght helf of LT and cousists of
the verticel .deflecting coil

'

: Lo
he range pulses from unit TsD-
epeater. ]
) co
other pulses is equal to T19.
se pulses caﬁse P verticel (up-

he sweep, that
pulses, and in
ulses.
i :

b the start of t
he synchronized
he action of the range p

] A
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sweep correspondin& in time. with the synchronized pulses ‘and range pul- !
ges to! be visib]We ol the eye, it is necessary to 1ncrease the intensity
voltage. | 1 ‘ _ ) | |

- This 1mréas ls accob]plished by means of supplying those very |
same pulses of deg&t ve polarity amplifisd by videoamplifier 3%L2 to the
cathode of the ca.t ode Tay tube 34LL. ‘ : |
E
Section 4. Design of the Unit.

|
In construct 10*\ the upit consists of the following components:
(a) chaséts; (b) fr?nt pan'el; (c) housgng
i
The aluminum ‘c assis is the basic Aesign component on vwhich are .
located all elemen s j- .

; On the fron.,[pé.nel of the unit 'thene are slotted control shafts
for the foll owmg el(lzmenta of the circulds

(a) "Yark. mark." (Mark Brightness); (b) "Ampl."; (c) "Simmetr. I"
(Symmetry I); (d) “Skhodim.: otm."” (Marker Convergence); (e] Simmetr. IT" -
(Symmetry II); (f); Napr. GO‘\I" (‘{eferencd Generator Voltage).

On the front rpanel of the unit there are also located 18 monitoring
Jacks G1 to G18 and 2 high frequency socket FT.

Unit aemensiéns. 257.5 x 321 X 120 .

Tae unit is mounted on Shock absorber

| e
50x1-HUMR
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Chapter Fourteen

INDICATOR TSD-3NTPM

Section 1. General Characteristics of the Unii

Unit TsD-34TPM is & combined indicator of devection and aiming, with
the afd of which it is pogsidle to determine vistally a target. by
inclination, azimuth, and distance to the targst in modes of scanning
and airing. Unit TaD-3UTPM operates together with sweep unit TsD-45 and
ereates in scanning mode sweep of typs B (rapgs - azimuth) with addition of
rough iqdicution of elevation.

In this node, ths térget on the screzen of the indicator is represented
in the form of a horizontal line with vertical markings of the upper or
lovwer hemisphere indicating in which hemisphere the target is located.

At the mament of lock-on oy .range from reiay k25 of the automatic lock
on there is fed 4 27 v de to relaye RL, R2, R3, R4, R5. They operate and
the unit is switched to aiming made.

In aiming mode on the scresn of unit TsD-3UTP, there is created a sweep
of "floating spot” typ2 in the form of a "pird" with two symmetrical range
sweeps. i

On the range sweeps ("bird") in the center of symmetry there are
vertical marks with the’'aid of which is determined the range to the target.
The position of the centar of symmetry of the "bird" reflzcts the angle
coordinates of target (baimuth end slevation) relative to the intercsptor
aircraft. ‘ ;

The mark found in tﬁe center of the "bird" located at the beginning of
the left and right range sweeps is called the mark of zexo range, Or rarxar.
ol |

T |
The markings found on the “bird" are called present rangs parks. The
interval between zero range merk and any (right or left) current range mark
is proportional to the;d%stance to the target%

| |

nonluminous sections of the firing zone. Unit TsD-34TPM shows dangerous

closing rangs and nois¢ interference.

For indiceting pefhtssibleifiring 20nes gn ths range marks, there ars

{

; i oo (
Section 2. Baslc Techdical Cha#acteristics

In scanning mode:; (
1. Length of paster - £
2. Width of, ster;SO

1

I
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3. Accuracy of calibvation of scanaing of range 3.5 4 1 ku.
In Alping mode: '

1. Limit of determining range 0° -inz;
. Tracking angles in azimuth plan and elevation plane + 100
+ length of left and right range dweeps 35 mm. -
Size of zero range mark k 4 19 m
- Slze of present range marks from 2 4 5 mm.
For assuring normal operation the 1nputfof unit recaives?

In scanning mode:
Range sweep intensity pulses:

&, Amplitude 80 4 10 v
b. Polarity - poSitive.

‘Target pulsest

a. Amplitude 20 +5
b. Polarity -' positive.

"Top" marker pulses

a. Amplitude 20 45 v
b. Duration 3.5 ¥ 6 microseconds
¢. Polarity - positive

"Bottom" marker pulses:

8. Amplitude 20 45 v
b. Duration 3.5 T 6 microseconds
¢. Polarity - positive

Diagram of unit s in Figure 26 {see diagram book).
Secetion 3.  Circuit Desc:iption

In the unit there is used a storage CRI with visible image, the design
and principle of operation of which differs from the ordinary tubes. The
tubs is intended for the conversion of an elec?rical signal Into a visible
image of great intensity. The image on the screen is preserved after
cessation of the incoming signal for a definite gerdod of time, which 1t
1s possible to control within the limits ranging from a fraction of a zecond
to several ssconds, ‘

179
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Tha great brightr2ss of the image permits use of this CRT type under
conditions of great illumination.

a. The Process of Recording and Reproducing the Imagz in the Mod=2 of Scanning
The unit input in this wodz receives from univ Toh- h5:

a) Intensity pulses

b) Target pulses, pulses of "Top-Battom" markers
¢) Range sweep voltage

d) Azimuth swesp voltage

The -positive intensity pulcas roceed to a divider, consisting of
ragictor R3 and potentiometer RU "Sveap intorsity™. Tho intensity pulses
taken from the slide of potentiomster RM proceed through closed contacts 8,
7 of velay R3 and ecapacitor £5 to modulator 1 of the CRT L1.

The amplitude of pulses, taken from resistor R4, {s established with
52 that the recording prcjector opans only at the moments of coincidence of
positive intensity culses ot great duration fed to the modulator of ths CRT,
and n2gative targat pulses ani "Pop-Bottom" markers of short duration, faol
to' its cathode. Target and "Top-Bottom" puls2s at the unit ingut have
positive polarity. Chunge of their polarity takes place in unit TsD-3WIPH.

! Thus, the rccord1nv orouectgr will e opened paly for the duration of
) pulsas (target and Top-BottOH '), fed to the cathode of the CRT Ll. The
ampiituda of the intensity plilse 22)emds on the voltage at CRT modulator,
established with aid of potentiomnter R16 "Aim brightness”.

! For the creation of nagative video pulses of the target and "Top-Bottom"
marks positive vid*o ‘pulses arc fed with frequency T9 to 7ShlT-1

‘ From TSh4T-1, they procbcd t0 the input of vidno amplifier right half 12,
are amplified by it and with’n°gatiV° polarity are taken from its output to
h='cathode of the recording projector of tube Ll.‘ At this moment, the CRY
is opened by the recording proj°ctor, i.e., the rocozding bean appears.

. Brasing pulses are formed by the blocking- oacillator for erasing pulses
left half L2, opérating in scanning and aining modks. This oseillator is
a sélf excitation oscillator.‘ Since in aiming mode the image hrightness is
graater than the imags brig tness in scanning modé, for erasing the image in
aim%ng node 1t is necessary Lo assure a high repetitvion rate of erasing pulsz

A considerable change in:the erasing pulse re0°t1tion rete (some 12)
times) when switching from scanning mode to eiming wode is accomplishzd by
changing the mode of op2rat on of the blocking-oscillator.

Bl
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|
! |
' b. The Prgcess of Recording and Reproducing |the Image in the Atming Mode

a. Intensityjpulses;

b. Range pulqes and synchropulses; |
¢. Range swegp voltage; |
d. Azimthal sweep voltages; !
e. Elevation isweep voltages. .
|

|

* The intensity in this mode, as in the scanning mode, procesd to the
modulator of the recording projector of the CRT. Due to complex form of
! the intensity pulse the recording projector 1% opened only when the amplitude
! of the intensity pulse exceeds the blocking vbltage (perfod t t and t,-t,).
In the period of action (period t ~t,) of the negative pulse 8flthe rifing
. »one, which reduces thej amplitudelor®yp, intensity pulse the recording beam

fis absent and recording of the image does notjtake place.

c. Erasing the Image of the "Bird" When Changing From Aiming to the Scanning
LT Mode | 1

When switching from aiming to scanning mode, thers is sharp reduction in
the frequency of the erasing pulses; therefors, the imags of the "bird", re-
corded in the aiming mode 1s for a long tims not erasad. To spzed up erasing
of the "bird" in this case in the unit, there is automatic instantancous
erasing by a circuit conslsting of relay R7, #esistor R>2, and capacitor Cl2.

The principle of erasing consists in the following. 1In the aiming mode,
relay R5 operates and capacitor 012, through closing contacts 4, 5 of
irelay R5 and resistor R52, is charged to source voltage 4 25) v st. Upon
switching of unit TsD-3UTBM to scanning mode rielay R5 releases its contacts
4,5, und contacts.k,3 close and connect capacitor Cl2 in parallel with
jrelay R7. Relay R7 operates, contacts 3,5 close, which is tentamount to
pressing the "instantangous erase" button; thereupon, the target of the
tube receives a voltage 4 25 v, taken from resistors R8, Rz8, of the divider
of source voltage 4 250 v st, R5 - R7, Re8, R8. According to the degree of
discharge of capacitor Cle relay R7 releases apd rapid erasing ceases.

Bescription of Cireuit and Design of High-Voltége Rectifier VT
| f :

Supply of the CRT with high voltage is actomplished from a high-voltage
rectifier for 1.2 kv and' 6.5 kv, which is an indzpendent component of TsD-3L4TRy.

The rectifier is switched on by contacts 6, T of relay R6, which operates
pff of =250 v st. This is‘necessary fo# prevention of breakdowvn of the tube
on 16.5 kv, since rectifier VV7 when 1dling (with unvarmed tube cathode)
develops voltage up to 4 10 kv.

181
$-E-G-R-E-T

50X1-HUM

by

B Santized Copy Approved for Release 2011/03/31 : CIA-RDP82-00038R0018001900071-3



. : !
The CRT's {-6.5—k€ high-voltage supplylis a sixfold voltage multiplier,

supplied 115 v LOC eyt;es, eollacted on six multiplication stages. Tach
multiplication stage eonsists of a selenium rectifier and capacitor. Besldes
this, th2 circuit empl?ys a step-up transformer, due tc which at the multiplier
input (the secondary ¥inding of the transfofmer) there is alternating voltage
U, about 1/2 kv 40) cycles, with the transformer primary receiving voltage

Ui of 115 v 40J cycleF% ‘ ' ,

In order that voitage at the rectifier’ output vary less with variation
of the current, raqui&éd by the tiubs, the rectifier loaded on itwo parallel-
connected resistors Rh!&nd R3 at 1J0 mohm ebch. The current required by
R2, R3 is much more t?én the current requirpd by the tube; thersfore, during
variation of current pf the screen, voltage: at the output of the rectifier

varies, within small limits.

Filtration of tﬁegalternating component is accomplised with filver Rl,
€9. The primery winding of the step-up transformer has taps for selection
of the transformation ratio.

The rectifier f%r}CRT supply with -1.2 kv is based on voltage doubling

schama, i'

!

Intensity and $1gnalling Clroults
b

t

With achievement by the interceptor aﬁfcréft of dangerous range the
lamp "0", from unit TsD-37 through unit ng-ue und TsD-I6 is fed 4 27 v
and goes on. . : oo : :
| - | |
. In the presence iof noise interference pf sufficlent magnitude, unit TsD-
20TK glves out voltage 4 27 v to lamp "P" through units TsD-42 and TsD-46.
Lamp "P" burns, afte%‘?hich the pilot must [change over to "Interferesnce mode.
.Lamps LNk, LNS, N6, EHT‘serqes for 1lluminating the scale and the “instan-
tancous crase” -signal Brightness intensity 1s regulated by potentiometer
R32 "Podsvet" (inten ﬂty).‘ | :
. , [ | . ] ' ) |
Section 4, TsD-3hTP¥UConstrdction _ : : 1

The hnit TsD-3hTé is & welded aluminum chassis, ar&anged in a case and
sacured with screw latches, [The whole unit is installed on a shock-mdunted
frame with four shockjabsorbers and secure to the frame by two bolts, coming
out on the forward apel. : - f '

" The untt conststp|of the follo

%
|
,1'3_ -
]
!
i
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a. Frame ;
b. Forward panel i
¢. Case ! E

The frame 1is the main connccting 2lement, ascuring rigidity of thz unit.
On the back wall of the frame is a plug connector
V
On the forvard panel are ILoce.te'7 the following control apd monitoring
elements;

a. Regulation bf brightness in the bcanning mode “Brightness" Rb;
b. Regulation of bsam focusing "Focus" R19;

¢. Regulation of intensity of the indicator scale "Intensity" R32;
d. Dial lights LNk LN7 (SM35)

e. Forward panel lights LN1  LL2;

. "0" lamp LN3;

g. "P" lamp INB;

h. "Instant Erase" button (Kul); !

i. Monitoring Jacks for various sections of the unit G1-G3.

Control elements on the frame:

8. Shifting "bird" on vertical - "Vert. shift. of aim" R23

b. Shifting "bird" on horizontal - "Horiz. shift. of aim" R27

c. Shifting range swezp in scan on horizoatal "Horiz. shift. of
scanning" R26

d. Vertical ohift of center in svanning mode "Vert. shift. of
scanning” R13. ;

e. Regulation D¢ brightness in aim mode "Brightaess of aim™ R1%

f. Regulation of er;litude of erasing pulses in scenning mods
"Memory of scan" R38

. Regulation of amplitude of erasing pulses in aimirg mode
"Memory of aiming" 39

h. Regulation of Ireqp@ncy of erasing pulses in scanning mode
"Frequency of erasing ﬂulses" R3S

/33
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- Chapter Fifteen

TsD-25TK NOISY INTIRFERENCE INDICATOR UNIT
|

. ‘ .
Section 1. General Charactaristics
|
The TsD-26TK unit provides:

1n'1,4 cation| of smooth noise interferance;
ShARU widapgate formation in "Interference” mode;
artificialftarget pulse formation during ShARU widegate
in "Interﬁérence" moda; i
monitor gate formation in "Monitoring" mode;
supply of switch-on command for interference sutoratic
trackingzpfter setting the ant2nna nirror on DU;
supply of ‘command to antomatic lock-on relay in "Interferenca”
mode; ‘? i
supply of ‘command to.noise interference automatic tracking ralsy;:
supply cf cormand for range search switch-on and switch-off in
unit TsD4PT in noise interfersnce automatic tracking moce.
1

Section Basic Tecﬁ%ical Characteristics3
1. Artificial taf%%t puléc in "Interference" mode:
a)1;amplgtuae13$:h> v ‘ |
Artificial taféét‘gulse in "monitoring” mode;

a) amplitude 3)-b) v. ;
N !
ShARU wide gata in "Interference" mode:

a) 65-80 v
Circuit demand%% ; ;

| L ! ‘
©a) 115 #, 633-990 cps, not more th#n 0.6a
b)' 4 Q7 v, ot move than 0.2a ;
¢) 4300 v stab; not mors than 55 wa
d) 4150 v stab; not more than 40 ma
e) -~ 250 v gtab; not more than 30 |ma

l

|
I
|
i
|
1
i

1
i
!
i
|
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5. Unit welght, not mors than 3 kg
; ,

6. Unit dimensions, llhéx 378 x 138 ﬁm

Cireult ts shown {n Fig 27 (book of diagrams).

Section 3. System Description |

This :consists of the following functional systems:
1) noise interference indicator cireult;

2) ShARU wide gate forming circult;

3) Artificlal target forming circuit.

Noise Interferen@e Indicator Cireuit
The circuit incl@des;

coincidbnes stags LI;

ShARU gate limiter, left half I2;

amplifier, right half I2;

multivibrator L3;

cathode’ follower, left half LY;

oulse counter, right half Lh end left half L5; DI; g6, C12;

autoratic interference indicator, right half L5.

The colncidence stage Ll recalves noiée interference pulses. Simul-
taneously , through ShARU gate limiter, left half 12, to the coincidence
stage 1f fed a ShARU narrow or wide gate. Upon coincidence in time of
these signals at the; output of the coinciderce stage Ll & nagative pulse
is geparated, amplified by the right half of L2. Positive amplified pulse
from right half of‘LE triggers mltivibrator I3.

From load of mltivibrator L3, across cathode follower left half L9,
multivibrator pulsés are fed to right half Lk, left half L5, C6, C12, Di.
With jassage of say 10 pulses with repetition rate, voltag2 across the
capacitor reaches a value at which current of left half L5 causes relay R,
connected into its: plate eircuit, td function.

Across the closed Rl contacts —%150;-v stab. opens the automatic
{nterference indicator right half L5. Plate current of right half L5
cauges relay R2 to function.

Across closed R2 .contacts 4 2T v goes to PsD~34TPY for "P" light end
to TsD-41TPM to operating mode switch in "Interference" position.

195
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2. ShARU Wide Gate Forming Circuit
The circuit includes:

a) delay phantastron I6 with cathode follower right half L7;
b) blocking oscillator I8; |
c) cathode follower left half L7.

In "Interference” mode unit TsD-25TK supplies a sync pulse to trigger
delay phantastron L6. Negative pulse from the phantastron is differentiated.
A positive pulse corresponding to trailing edge of phantastron pulse triggars
blocking oscillator LB, ShARU vide gate positive pulse, across cathode
follower left helf LT, goes to TsD-33 for gating the receiver and to TsD-
26TK for noise interference indicating circuit instead of ShARU narrow
gate. B

3. Artificial Target Forming Circuit
a) In "Interference” Mole

In the "Interference Mode amplifier L10Q of the artificial target forming
eircuit receives + 150 v stab. plate voltage. Amplifier input gots smooth
nolse interference pulses coincident in time with ShARU wide gate. The
noise interference pulses are amplified by two-stage amplifier and are
differentiated,

The positive differentiated pulse triggers artificlal target blocking
oscillator L1l. From L1l output, artificial target positive pulses,
in "Interference” mode, is fed to TsD-25TK.

) In "Monitoring" Mode (formation of monitor gate)
The monitor gate forming circuit includes:

a) d=lay phantastron 146 with cathpde follower right half LT;
b) blocking oscillator E8;
¢) Blocking oscillator L1l.
‘ E ; ‘
In "monitoring“imbde relay R9 operatesiand across 1ts closed contacts
4, 5 a transmitter triggering pulse is sent from TsD-35 to delsy phantastron
15 trigger. P 3 .

: o
i i ' ] -
i

In this mode théfbhantasﬁron generatesja 15 microsec pulse., Negative
phantastron pulse‘ié;ﬁiffereﬁtiahed and & positive pulse triggers ShARU

gate blocking oscillafor 18. ' ShARU gate blocking oscillator positive pulas,

‘ 186
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acrdss RO closed contadts 7, 6 goes to artiﬁtcia] target blocking Oscillator
L1l trigger. From Lll\output tae artificia} target kulae-«monitor gate--

goes to TeD-32 for triggering the transmitter in the "monitoring" mode.

L, Circutt for Switcbmng on Iaterferance Automahlc Tracking and
Switching on Range Search ;

Ny

The circult's purpase 1s to switch cn idtprferancn automatic tracking
when the antenna mirror with respect to aziduth is set at zers. The circult
uses the right half of 19. In scan mode right half L9 is blocked by -200 v
stab. In the DU-250 v Istab. blocking voltage is taken from the circuit
by supplying the ground" from TsD-42. The [circutt fnput fecelves voltage
from azimuth selsyn 31Sn3. When voltage fram the selsyn drops to 7 plus
or minus 2 volts, right half L9 is opened and operates relay R3.

Closed R3 contacts 6 T cause relay RS ta operate, and also in "inter-
ference" modz ground the winding of the automatic tracking ralsy in TsD-b2,
When R5 operates closed contacts 4, § ground the winding of interference

automatic tracking relay in TsD- ME

When the "Zakhvat" button is pressed -+ ar v goes o winding of relay
RT which, by operating, removes negativn blacking voltage from screan grid
of tube L13 in unit 37, cutting in range search.

In "interference” mode 4 27 volts dces not g0 to winding of relay R7.
Section 4. Unit Construction
The unit consists of:

a) secticnal frame;
b) horizontal panel;
c) case.

The frame connects all unit components and a side wall has retained
bolts for securing the unit to the radar yoke.

The horizontal panei has on it:

a) vacuum tubes;

b) transformers;

c) adjusting capacitors;
d) relays

e} monitoring points

i
1
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Under the horizontal panel are cable forms with assembly components.

The frame contalns: 1
i
potentiometers;
monitoring Jacks;
plug connector;
radio-frequency, plug.

[l

The unit is secured in the container by four screvs.

Unit dimensiops are 114 x 378 x 138 mm,

¢

|

|

R
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Chapter Sixtean,

POWER SUPPLY UNIT TsD-35

1
)
{
! T

Section 1. General Charaé;teristics

TeD-38 s designed to! supply the radar wit}i: stablized voltage + 150 v stab;
4250 v stab; 300 v stab; -250 v stab.

With respect to funct;ions the unit can be broken down into the following
circuits: i 1

1) +150 v stabilizeid rectifier;

2) 4300 v stabilized rectifier;

3) 250 v stabilized ractifier;

L) 250 v stabil%;zled rectifier.

f “. . °
Section 2. Basic chhnlic::al Characteristics

1. Unit is suppliea ;:from AC sources;
115 v, 600-300 éQs and 115 v, 400 cps.
2, Current require;;:from AC source: |
115 v, 602-900 cps not more than Sa;

115 v, 40D cps \inbt more than 0.6a.

i

3. Nominal voltagejsiat output:

a) 4150w séab. at load current 225 ma and source voltege 115 v,
600-900 cps mist be 150 plus or minus 2 v

b) 300 v sté\hi. at load curreat 75 ma and source voltage 115V,
600-990 cps must be 300 plus or minus 3 v;

|
¢) F 250 v stab. at load current 585 pa and source voltage 115 v,
600-92) cps must be 250 plus or minus 2 v

) -250 v stab, at load current 200 ma and soures voltage 115 v,
600-900 cps must be 250 plus or minus 2 V.

50X1-HUM
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B , -
4. Stability of output voltdge under source voltage (115 v, 600-
920 cps) variation of plus or minus 4.5 v, abt rectifier autput, mist baj
l oo N

for 4150 v stab. - plus or minus

for ¥ 300 v stab. - plus or minus .

for 4 250 v stab. - plus or minus 1.

for -250 v stab. - plus or minus 1.

Alternating _coméonent at rectifier output:

a) 4150 v stab.' - 50 mv maximum
b) 4300 v stab. - 15 mv maximun
¢) 4250 v stab.' - 45 v maximum
d) -250 v stab. - 35 mv maxinum.

i ‘ ; ,
6. Magnitude of output voltage of stabilized roctifiers 4150 v stab.",
" 4300 v stab.", " 4 25) v stab.” and "-250 v stab.” mst be regulated
within 1imits of no less than plus or minus 5|v under nominal load currents

and at source voltage of 115 v, £33-93) eps. iThe unit diagram 1s in
.Fig 28 (see book). o : |

i
Vo

Section 3. Unit System ' |
TsD-38 contains fouikw:sts.bilized rectifier%s. To increase line voltage
and produce tube filawent voltage there are in th2 unit two trans{ormers

Trl-plate, and Tr-2-plate filament. A

|
| | . !
The stabilized rectifiers cousist Of: |
1 !

a) rectifiers fdésigned]for AC rectification:
s |

" 4150 v stab.” - D1-D8 |
" ¢ 300 vistab." - Dg-D16 ;
" 3250 vistab.” - DL7-D2k |
" .-250 v .s:t'aba" '£D25"D32 1‘
‘ j oo i
b) Smoothing filters at the rectifiér output:
. |
4150 vigtab." d]
+300 vistab." C3
+250 vistab."” ck, Drl, C5
-250 v jtab." cé

l
!
;
|

.

|
o
|
|
i

/90
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¢) Regulating elements résistance magnitudes of which vary in
relation to cha“nge of injut voltage or load cur‘grent:
‘ : .
" 150 v stab.” - LL, 12 |
" 14300 v stab." - L3
" 250 v stab." - Lk, 19
"o-250 v steb." - L10, L1l
a) e amplifiers design2d to amplify variations of output voltage
in the circuit: " ; ! .

" 4150 v stab.” L2
" 2300 v stab.” - L13
" 4250 Vv stab.” - JRL)
n .p50 v stab." - 115

e) Source of reference voltage Ls at tube T16.

When unit is switched on 115 v 600~930 cps veltage is supplied to Tr2
~and Trl after relay R2 opsrates.

From Tr2 output voltage flows to rectifier "-250 v stap." and to fila-
ments of all tubes in the unit,

After voliage appears atb output of "-250 ¢ stab." rectifier relay Rl
operates; across its contacts voltage is fed 1o relay R2 and 115 v, 600-93

eps goes to Trl tpapsformer, From Trl outputf voltage goes to rectifiers
"4 150 v stab,", "+ 300 v stab." and "4 250 v stab."

Section 4. Unit Construction
Unit is mounted on ‘two ractangulsr frames in & housing.

On unit's front panel are:

1. seven [sic] monitoring Jacks labelleci: "% 150 v, "+ 300 v,
" 250 v", "-250 v', "I", and Wew 115 v 40O ¢ps.”

2. Fuses labelled: "0.25 8, +150 v"; "0.15 &, T 300 v"; "la,+250 v";
"0.25a, - 250 v". :

|
|

/9 ‘
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3. Slots of potentiometers for regulating voltags at output of
ctabilized rectifiers "4159 v st.", " 4300 v st.", "4-250 v st.",
".250 v st." .

L. Plate showing unit desigration and plant number, cable with plug
connector.

On top, of the firct frame ar: transformers Trl ard Tr2, choka coil
Drl, tubes L1-L16 and ventilator Ml. Assembly parts are below.

The second frame holdsplateé with ascerbly parts, the capacitors nf
the filters. The two frames are connected by two hinges permitting them

to be opened.

.
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- Chapter Seventeen

CONTROL PANEL TsD-UIUTPM

Section 1. Purpose

The TsD-WIUTP wnit is designed to control the radar both in flight
and on the ground. L .
! | .
The elements of control end monitoring on the front panel of the unit
mekes it possible to carry out:

“a. Preliminary (“St. Vxl." - rader on) and complete switching on of
a set ("Vys. vkl." higher voltage on); ;

b. Switching operating modes (Pomekha" - “Soprov.” -"Zgkr. luch.");

1

. i |
c. Shifting of high-frequency energy of ‘the radar transmitter from
antenna equivalent to radiation and switching on of the "Kontrol'" mode by
toggle switcn "Tzluch. - Ekvival. Kontr."; .

d. Control of radistion of high-frequency energy.
1

| .
The TsD-U1UTPH unit is attached in the cabin of the eirplane pbove the
instrument panel. |

Section 2. Bagic Technical Data

1. Weight of the wnit - 0.k kg ‘ .

5. Size of the unit (without teking into account the length of the
connecting ceble) - 98 x 56 x T5 m

A diegram of the unit is provided in Fig 29 (sce diagram book).
Section 3. Unit Deseription

When set is switched on, the TsD-LIUTFM sends: "eround” voltage throush
toggle switch V1 to contactor L2R11 which turns on set. Vhen high voltage
1s switched on, additional voltege of -+27 ¥ is supplied from high-voltege
relay k2325 to unit TsD-42 through toggle switeh V1 and from it to the
high=-voltege reley in uwnit TsD-32TK.

93
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In the ™locked-on beem™ mode » "ground" voltage is sent from toggle switch
V2 to the windings of automatic lock-on relays L2R6, 42R6-1 in wnit
TsD-32TK. i

When toggle switch V2 is set in the "Soi)rov." and “"Pomekha" position,
"ground" voltage is sent from toggle switch V2 to automatic tracking
relays LORL, LOR2 in unit TsD-26TK. ‘

Simultencously in the "Pomelkha" mode, = 27 v is sent from unit
TsD-26TK through toggle switch V2 to the windings of "Pomekha™ relays
42R20, L2R20-1 in unit TsD-h2 after the automatic noise indicator triggers.
In the "Izluch." position, . 27v is senl‘t to wnit TsD-29TPM through
toggle switch V3 to switch the wave-gulde switch %o the position for
radlation or high-fregquency energy of the tr?.nsmitter to the antenna of
the set. If high voltage is present, 2T v is sent from the radiation
monitoring relay in unit TsD-42 to signal lamp IN2 in control penel
TsD-LIUTPM, When toggle switch V3 is set in the “Kontp." position, 27 v
is sent to Unit TsD-hE& to turn on the monitoring circuit.

Lemp IN) serves toiillmninate the inscrib'bions on the front panel of
unit TsD-L4LUTPM, i |

Section k. Unit Construction |
” |

B } |
‘ The wnit is constructed in the form of a lbox-typs chassls. The front
. ranel is attached to one side of the chassis » and "toggle switch" type
control switches, the gignal light for radistion, and the lamp for illumina-
ting 1nscriptions are located on it. Inseriptions are made on plexiglas
which is mounted betweén'the front panel and the chassis, and are viewed
through rectangular slots in the front panel.‘%

A connecting cable iwith an RM-type plug at the end runs from the
chassis. The unit is closed by a housing. :

! : ;

v
i

[
i
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Chapter Eighteen

MONTTORING PANEL TsD-MXTP
i ’ i

Section-i: ~Purpose | |
Unit TsD-WIKTP is designed to monitor:
a. megnetron current;

b, erystal currents; ' 5
c. prescure in the pressurized system of the set.

1

i
Unit TsD-LIKTP is located on the left side of the alrplane.

Section 2. Basic Technical Data

Voltages proportioﬁal to the magnetron ctrrent, the crystal currents,
and the pressure inside the pressurized system of the set are sent from
unit TeD-32TK to the voltmeter of unit TsD-MIKTP.

1. The unit provijdes: }

a. When switch V1 is set In the "IM" position, reading of the instru-
ment in gradvations corresponds to the magnetron pulse current in amperes
(16-22) with en error of no more then i 2 graduations.

b. vwhen switch V1 is set in the "TK-1," "rK-2,%r "TK-3" position,
the reading of the ingtrument is equal to 10 4~ 1 graduation at crystal currents
of 1 ma. i

c. when switch V1 is set in the "KD' position:

- reading of the instrument at 20-22 gradvations vhen pressure in
the pressurized systex'n of the set is approximately 760 mm and the aircraft
electrical network voltage is —+27 v;

- g decrease in the resding of the instrument by 3-- 1 graduations
with respect to reading of the instrument et normal atmospheric pressure
when there is a pregsure decrease in the pressurized system up to 0.25 etn.

1. Weight of wait - 0.75 kg
2. Sizé of unit (without taking into account the length of the con-
necting ceble) - 135 x T8 x 7O mn. 1

| ; '
A diagrem of the unit is shown on Fig 30 (see diagranm book).
|

195
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Section 3. Unit System

The voltmeter of the wnit is switched in to the blade contact of the
wafer switch. Voltages proportional to the magnetron current, crystal
currents, and pressur‘egin the pressurized system are supplied to the
remaining contacts. Vhen the wafer switch is switched, these voltages are
supplied to the voltmeter terminal.

Resistors R6, R3, and RT are range—nml’ciplying resistors of the voltmeter
and are selected when the unit is. tuned: R6 for monitoring the megnetron
current, R3 for monitoring erystal currents, and RT for monitoring pressure.

! !

Thermal resistor RS compensates changes in the resistance of the loop
of the voltmeter when the environmental temperature changes. Iemps L1, I2
1llumindte the scale of the instrument » lamp I3 1lluminates the inscrivtions
on the front panel of the wnit, ‘x

Section 4. Unit Construction

The wnit is constr\icted in the form of {1 rectengular box. The front
panel 1s attached to one side of the chassis, and the voltmeter, wafer
switch, end 11luminating lamps are located on it. All components of the
it are located on the wiring panel attached to the chassis. A connecting
cable with a type "RM" plug on the end runs [from the chassis. The unit is
enclosed by a housing. | P '

i
!
i
!
i
|
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i Chapter !Ninetéen
P

JUNCTION BOX TsD-h2
N
Section 1. Purpose | | ‘

‘ ! |

Unit TsD-U2 connects! electricelly the units of the set, and elso units
which are not part of the set but operate with it or monitor its operation.
Besides this, a number|of commtations connected with twrning on the set,
turning on high voltege , turning on radietion to the antenns, turning on
aifferent modes of operation of: the set, turning on the photographic equip-
ment, and finally, tur ng on ti]e ground control mode are carried out in the
unit. i N :

[

Section 2. Connectioniqf Unit TsD-42 With Other Units

Connection of unit TsD-42 with units of the set and with other wnits
which ensure its operation and monitoring can be shown by the following
table: : L

No. of pins, . No. of cgble Comnecting Notes
Fos. no  in unit TsD-42 in unit TsD-42 unit
X 2 3 b

Shl s PsD-31TP

Sh2 Lo TsD-320K

Sh3 o - TsD-33

D TgD-36
Sh7 TsD-37
shio TsD-4OTK
] TsD-L4TP .
Shl5 ‘ TsD-48 cable enters unit TsD-
! ~.kgrp
Sh16 % TsD-48 .
e TsD-46,  units are connected by
VI'sD-30, & special cable
11864
TsD-LIKTP, units are connected by
TsD-L1UTEH, special cable
P-500Ts,
DV8, PO-
1500, SGO-
8, 27 v
(aircraft
electrical
network:)
|

1
2
3
L
5
3
T
8
9
10

B

|
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¢  No.of pins "~ No. of cablei CrrContanging
Pos.No ' 4n unit!TsD-42  in unit TeD-lo it Notes

B |
12, - shes 25 TsD-25TK
13 - s | 26 TeD-26TK
- snpg 29 TsD-29TFH

Section 3. Basic Te“‘cITmical Data ‘
: P ! .
1. The thermal time delay reloy in the wnit cuts in high voitege within
3k minut‘es after complete switching on ofi the set.

S |
2. Unit TsD-U2 sends 40O eps voltage Eo wnit TsD-LOTK, which 1s re-
quired for setting the equisignal direction of the set (the antenna reflector)
with respeet to the azimuth at the required angle to the structural axis of

the airplmge. This clﬁrection is controlled by potentiometer "Nul A" vhen
sighting the redar. . ! :

a. Unit TsD-42 sej’nds %00 cps voltage to unit TeD-hoTg which i
necessary to set the antenna reflector with respect to elevation. This
voltage 1is controlled by potentiometer "Nul N" when gighting the radar.

| ;

3. Currents rieqtii%ed by J‘che unit do not exceed:
| . H

&. ! 0.3 a for Lhe 115 v 400 eps eireuit,
b.i2g for the A7 v circuit,
¢. 8 ma for the+250 v circult,
d. | 5ma for ‘the~250 v circult,
ool ;

|
|
i
i
!
|
|
|
i

k. He:t:ght of the | .5 ke.

5. Sizé of thé Hit out teking info uccount the length of the
connecting g:ables)i -3 X T7 m. Disgram of the wnit, Fig 31.
‘ Lo e “ ‘
Section k. %Descriﬁti?" : SysTem:Swit' g on the Supply Voltage

P ThsL aLrt,Lrs.ft'e ectrical circuit voljkageor + 27 v 1% sent %o contacts
‘ landﬁoi!“ ontrgctfori;, ugh pin 365h20, Lol A
Ny i | ‘

- Wen t
' contactor |k
+, 25h20, lor

“50X1-HUM
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Contactor R11 triggers, and :'the aircraft ¢ircuit voltage of +27 v is sent'
through its contacts ‘and fuse Pr8 to the wiring penel of the unit, and
through fuse Prl6, resistors Rl and R2, ndrmally closed contacts L, 50f
relay B4, pin hSh2 to unit TsD-32K to supply the modulator btube £ilaments
and the pressure da;q‘unit. Voltage of ~+27 v passes to the master relay
from contact Zh20 or ‘the witing panel thrdugh pin 41Sh20; after it drops,
the following are sent to the wnit: \ :

- = 115-v 400 cps through pin hSh20, 255h20 for one rhase, and 55h20,
24Sh20, for the other phase; 3

: ! . : : ' '
- = 115 v 600-900 cps through pins 1Sh20, 8SHEO for one phase, and
95h20, 138h20, for the other phase; ‘

- 36 v 100 eps through pin 215h20 (first phese ), 225020 (second phase),
235h20 (third phase). , |

A list of the fuses in wnit TsD-42 and radar components in which power
passes through these fuses is glven below:

- 42Pr1 in the 115 v 400 eps supply cirenit of the following rader
components: the power transformer of unit. TsD-LOTK; the pover windings of
the elevation motor 31Ml; azimuth motor 31M2 and tilt motor 31M3; rotors
of the elevation selsyn 318N1, azimuth selsyn 313M3, azimuthel sweep selsyn
318N2, eircuit 315n5,! for setting the antehna at zero with respect to tilt
In the locked-od beam mode and automatic tracking mode, magnetic amplifiers
-for the ezimuth, elevation end tilt in unit TsD-LUTP; phase detector for the'
"Verkh-Niz" marker channel in unit TsD-36;. phase detector of the sweep with
respect to elevation azimuth in unit TsD-h6. Besides this, this voltege is

used in unit TsD-U8 for monitoring;

- 4opr2 in thé 115 v 400 cps supply circuit of the following set
elements: power itransformer 32Trl-3, rectifiers 1400 v - 900 v of the
modulator of unit TsD-32TK (additionally through fuse 42Prl3); circuits

of fuse L2PrG; N

- 42Pr3 in the 115 v 600 - 900 eps supi)ly circult of transformer 32Tr-2-2
(filament of the highrvoltege kenotrons);

- boPrh in the 13 v 400 cps supply circuit of high-voltege transfomer
32me-1; ;

- h?.Pr% in the 115 v 600 - 900 cps supi)ly circuit of filament trans-
former 32Tr5-1 of tubes FUPCh, APChK, and klystron;

- h2Pr6 in the 115 v 400 cps supply ci#cuit for the filement trens-
former of magnetron 327x2-3 (additionally through fuses L2Pr2 and 42Pr3);

i
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- h2Pr7;in the 115 v 600 - 900 cps supElx circuit of the following radar
components:: the filament transformers of units TsD-25TK; TsD-26TK; TsD-33;
TsD~36; TsD-37.

i : i

Besides;this, this‘voltage is sent to unit TsD-k8 for monitoring;

- 42Pr8 in the 27 v supply circuit

; Lo
- 24.’2Prl3 in the 115 v 40O cps supply circuits of the following radar
components:

- circujts of fuse 42Pr2;

- éherm%l time de}ay relay (42R2) in unit TsD-Lo;
- modulator fan mégor of unit TsD—32TK;:

.~ fan motor of un#t TsD-38;

- filament tra.nsfbmer of wnit TsD-34TFL, ‘ l

Besides this, 15.v 400 ¢ps s sent to uni% TsD-48 for monitoring:
(- |

= k2Prll in the 115 v 400 cps supply cirehit of the transformer for
setting the antenna and "bira" fheTrl in uniy TsD-h2.
. . i . ;

- h2Pr15‘in 115 v 600 - 900 cps supply circults of the followng radar
components: f :

- power transformer% of all rectifiers Qf unit TsD-38;

: | :
- filament trensformer of wnit TsD-46, |
| |

i | |
- 42Pr16 in Yo7 v, supplycircuit of the tube modulator filaments,
Pressure date unit of relay 32R2-1 for cutting in voltege in unit TsD-32TK.
: | . }

: P : |
Switching oniﬂigh'Volﬂa%c 5 I
; i A

A voltage of 115 W 400 eps [1s sent from pin 25520 through fuse Pril3
and contact E25 of yhe ﬁiring panel to contatt 1 of the windings of time
relay 42RO, dnd from pin 24Shad through contacts Zh6, Zhk of the wiring penel

contacts h,%? of relay 42R1-1 to contact 2 of the vindings of time rels

| 52‘“5»1 ) LA T R
BeBeGeRB-T || | |
- 50X1-HUM

aitized opy Approved fo Release 2011/03/31 : CIA-RDP82-00038R001800190001-3



. 19

Sanitized Copy Approved for Release 2011/03/31 : CIA-RDP82 00038R0018001 9001

- 50X1-HUM

At‘tér heatihg u;p, the -ithermal time éehy relay triggers and "ground”
voltage is sent through its contacts 4, 3 to contacts 1 of the windings of
relays 42R) and 42R1-1, Thege relays tyigger and:

* |

- seﬁ& +27‘vjthrough contacts 5, 3 of relay 42R1 to contacts 2,5
of relay LoRros, ‘

i \ ]
- th:'rough contacts L, 3, breek the 115 v 100 cps supply efréuit to the
windings|of thermal reley l2R2; | S

i . | ! (’
-comfnect contacts 1 of the windings or’);e]gys L2R1-1 and BRR1 with the
ground through contacts 6,7 of relay 42R1-1 and contacts T, 8 of relay
haR"l""l- 4 i i

i

/

After cooling of thermal time delay relay L2R2, its sliding contect
returns o the initial position and "grotnd" voltage is sent through
reclosed contacts L, 5 of relay 42R2 to contact 1 of the windings of
relay U2R25. Thig relay triggers since there are + 27 v at contact 2 of
its winding, sent through the contacts of reley 42 R1,

A voll'bage of %27 v is sent through contacts 5 and 3, which were closed
in this process, of relay b2R25, contact A-36 or the viring panel, and then
through pins 34Sh20 and 95hl15-1 respectively to toggle switeh "Vys. vi1,"
in unit T5D-LIUTPM and toggle switch"Vk1.vys," in wnit TsD-L3.

After: switching on one of these toggle switches s + 27 v is sent
through pin 375h20 (Qr through pin.10 Shi5-1 ) to Pin 1Sh29 and then through

unit TsD-29TEY, through pin 25h29 » through pin 10Sh2 to the high-voltage
relay in wnit TsD-32K,

This network is used in unit TsD-29TFM Tor cutting in high voltage at
the moment that high-frequency energy of the transmitter is switched rrom
the entenna to the. equivalent (and vice versa). The network is broken by
the mechenisn of unit TsD~-29TPM when the vave-guide switch is in the inter-
mediate position. .

Scanning Moge

Phase 3 of the azimith selsyn is connected to ground through normally
closed contacts 3,. 4 of relay U2R5 and contact 255hl. Phases 1 and 2 of the
azimuth selsyn ere gent through pins 2h5h10 end 235110 in unit Ts-D-LOTK.
then the antenna reflector is deflected to the right and to the left, the

selsyn voltage causes a change in the phase of the control voltage by
1800, | : |
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Azimith control voltege from wilt TsD-WUTP is seqt through pins 223h1k,
235h1h to unit TsD-31TP and moves the antenna in azimuthal direction.

Voltage 15 sent thkbugh pins 11Shl end 83h1h from the azimuth tach
generator to the azimuth magnetic amplifier in unit TsD-LLTP,

Voltage is sent thirough pins 10Shl ang 6Sh19 from the azimuthal sweep
selsyn to unit TsD—h6.]-

Elevetion control $6ltage is sent from unit TsD-LYTP through pins 26Shllh
and 27Sh14 to unit TsD#3;TP and moves the antenna with respect to elevation.

"Ground™ &oltage 1# sent from toggle switch "Soprov, " through pin 275h20
in unit TsD-LIUTPM to dontact T of relay 4oRr3l1,

Elevation: selsyn vdltage is sent to wnit TsD-hoTK rhrough pins 22Shl
and 22Sh10. :

Voltage from the elevation tach generator is sent to wnit TsD-Lhmp
through contacts 21Shl end 28shil.

"Jump” voltages for generating "Verkh-Niz" markers are sent from wnit
TsD-LOTK to wiit TsD-36| through pins: 20Sh10 and, 175h6.

The Renging Systen yoge, |

'The ranging systen @Q&e is established by supplying -+ 27 v either from
the "Zakhvat" button through pin 145h20 or from unit Tsp-L8 through pin 8shi6.
This voltage 13 fed to gontacts 2 of the winai

L2R5-2; and, in addition,; to unit TsD-LOTK thy
the wnit to the DU mode) | : |

i

The Automatic Tracking Mode

Tae autematic tracking (target lock-on) mode 1s established after supplying
a "round" voltage from the sutomatic lock-on devie: in unit TsD-37 through
Pins 11ShT; 465h20; the "Sbros" button; and pin 475h20 to contacts 1 of the

vindings of relays 2R6 hnd L2RG-1. i

|
202 o
|
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Idmit Protection of the Movement of the Antemna in the Azimuthal,
Elevation and Tilt Directions
i {

When the antenna reflector is in the e)cr%eme positions of its azimuthal
or elevationi movements?, as well as in the ex?-:reme tilt positions, one of
the limit microsuitches in unit TsD-31TP tripgers. A “ground” voltege'is
fed from the ezimuthal, or elevation switch tb unit TsD-L2 and the winding
of relays 42RT or 42R8 and 4eRgor 42R10 through, respectively, pins 8Shl
and 95hl end 55hl or 6shl. From the tilt limit switch a "growd” voltage
is generated in unit TsD-4LTP and passes through pins 31Shl - 3k5h1k or
3051 - 33Shk, also to ghe winding of the limit protection relay.

The relay then trﬁggers and shorts the pﬁates of the IF amplifier
through diodes DI or D3 in the ezimuth channel, D2 or D1 in ‘the elevetion
channel, and corresponding diodes in the tilt chennel in wnit TsD-LLTP,
As & result there ogeurs a belencing of the currents in the IF emplifier
of the corresponding chennel, the control voltage becones equal to zero,
and antenna movement ceases.

The "Locked-on Beam" Mode

The locked-on bean mode is esteblished by switching on the toggle switch
marked "Zelr. luch" (locked-on beam) in unit TsD-LIUTEM. This sends a
“ground” voltege to contacts 1 of relsys W2RG and 4eRS-1, the relays trigger,
and switching occurs as explained previously; at the same time relays
iLQRg, LoRG-1 and 42R5-2 are also switched in through contacts fr , 5°of relay
12R6 . ’ . ) ‘

The™locked-on beam" mode differs from the automatic tracking mode in
that & "ground" voltage is not sent to pin 135h10, as a result of which unit
TsD-UOTK is not converted to the automatic tracking mode end the antemna
is not controlled by the error signal.

The Scanning Mode in the Presence of Noise Interference

When noise\:[‘nterf%ezfence of a certain inf;ensity is present, 427 v is fed
from wnit TsD-26TK through pin 155h26:

-~ through pin 10@19 to lemp "P" in unit TsD-3LTIM;

-~ through pin 1&2?#20 to the sét operating mode switch vhen it is in
) 30 .
15

the "Pomekhe" (noise sition;

-- to contact 3 of Erélay L2R26.
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After the gberating node toggle switch on panel TsD-hiurmy has been
Placed in the "Pomelha" Position, -+27v is sent through pin 435h20 o

J of relay 4oRog, to

limiter in unit TsD~33 ». through no
l2R2) ang pin 135h3, to wnit TsD-3
of the SPARU IF amplifier,

Relays L2R20 ang 1{2REO-J. trigger end perform the following funetions:

-- contact 4 of reﬁay L2R20 removes the trigger pulse to 4~ 5" trom
pin 55hT &nd sends it to pin 135h26, that is}, removes the trigger pulse
from wiit TsD-37 and sends it to unit TsD-26TK;

' ;

-~ contacts T and 8 0T relay L2R20 break the circuit vhich sends the
ShARU narrow gate pulse from wnit Tsb-25mK through pin 105h25 to unit TsD-33,
through pin 95h3, and!to unit TsD-26TK through pin 165h26;

== contacts 7 and 6 of relay 42R20 close ‘the circuit which sends the
ShARU narrow gete pulse from unit TsD-25TK through Pin 55h26 to unit TsD-33,
through pin 95h3, and o unit TsD-26TK through pin 16Sh26;

=~ contact L of relay LoRoo-1 removes the 150 v (stab, ) voltage from
165h25 (disconnects; the video amplifier supply of the integrating circuits)
ge to pin 325h26 (connects the circiit whioh forms the
artificial target in unit TsD-26TK ); ! :
‘ | ‘

-- contact 7 of relay 42R20-1 removes the| "ground" voltage from pin 95h6
(through normally closed icontacts L, 308 relay 42Re3-1 ava 7 » 8 of relay

» which leads to disruption of the recelyver triggering process ; and
8ends the "ground" volté.qe to contact 1 of the vinding of relay LoR20-2.

The artificial target pulse is gent from uJJit TsD-26TK through pin 65h26,
novmally ¢losed contactsg’ﬁ add 8 of relay k2r23, and pin 158h25, RS

|

 The DU Mode n the Pres é%)ce of ]Fmooth Noise Interference

Whén smooth nofse in ‘erferelxce 1s present, the DU mode 15 engaged in
i the same manner ag when & normal. signal is present: 4 27 v ia sent from the
 "Zakhvat" button through|pin 148h20, ‘ T

“50X1-HUM
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Rﬂlaya 42R5;' h2RS- L, and h 2R5-2 are en=rgizad and gerform the commutating
tunctions which were exsmined above. In addition, -+ 2T v is fed to contacts
6 and 2 of ralay h2320-%.; Since a "ground" voltage is sent to contact 1
of relay hLRQO 2, this relay triggers. This leads to the following:

-- & ground" voltag° is sent from unit TsD-26TK through closaed eontacts
4 and 5 of relay 42R20-2 to pin 46Sh2) and from there to the "Sbros" button
and pln 4¥75h20 to contacts 1 of relays 4R6 and 42R5-1. These relays perform
the functions examined ab0va,

[ .

-- a voltage of 4‘27 v 1s sent through contacts 6 and 7 of relay 42R20-2
to contact 2 of the win@ing of relay 42R21, and - 27 v is taken from pin
31Sh25 in unit TsD- 20TK{for disconnecting tho range search for the target
(relay 26R7 in unit TeD-26TK releases and a negative voltage asses through
its contacts to pin thhES and from there through pin 10Sh7 to unit TsD- 37
for disconnecting the range s2arch for the t&1g=t), the voltage then passes
through normally closed contacts 4 and 3 of relay L2r22, pin lOSh3, 0 unit
TsD-33 and the relay which changes the noise levml of the receiver.

The Automatic Tracking maue in th2 Presence of Nolse Interference

After the entenna h&o bzen set at the zero position, a "ground" voltage
passes from unit TsD-25TK! through pin 208h26 to contact 1 of the winding of
ralay 42R21, Relay U42R2L triggers since +27 v is applied to contact 2 of
its winding from .contact 7 of relay M2R20-2, -

The contacts of relay 42R21 perform the fbllowing functions:

-~ contacts 3 and 4 break the circuit whibh supplies a range pulse from
unit TsD-37 through pin l?Sh? to unit TsD-33 thraugh pin 14Sh3;

-- contacts 5 and h ¢lose the circuit which supplies a ShARU widegate
pulse from unit TsD-26TK through pin 55h20 to unit TsD-33 through pin 1h4Sh3;

-- contact T of relay 42R2L removes &7 v from pin 135h3 (disconnscts
the filter capacitance of the ShARU IF amplifier in unit TsD-33) and sends
1t to uait TsD-LOTK thrcuwh pin 253010 to increase the gain of the error
sigral se.aration circuit,

Monitoring Rediation and Switching on the Photographic Unit

A voltage of -+ 27 v is taken from the toggle switch marked "Izluch."
(radiation) on unit TsD-LIUPTM and sent through pins 158h20 and 55h29 to the
waveguide switch of unit TsD-29TPM., The switch triggers and -+ 27 v passas

205
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through pin T8h29 from unit TsD-29TPM to contact 2 of relay U2R17. This
relay triggers and +27 v goes through its closed contacts 4 and 5 from pln
148h2 (wheg high voltage {s pre

sent) to contact 2 of relay Y2Rok ang through
Pln 265h20 to the radiation monitoring lamp in unit TsD-L1uTey,

The relay triggers ang +27 v passe

s through 1its contacts 3 apg 5 and
pin 458020 to ynit BSTu for switehin

% on the photographic unit

Switching on tha Monitoring Circuit

uWhen toggle switen 41V3 1s placed 1n the "kontrolt" (monitor) position,
127 v 15 seat to unit TsD-k2 for the oper

ation of relays hoRa3, LoRrog;
h2R28-1; herob-2; 42R29; L2R30; loR3y.

The sequence of op2ration of the

above ra2lays is prasented in the
description of the monitoring channel

s sectlon 12, part I of this book.
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Connecting the TsD-48 Ground Testmg Unit Panel and Switching On the
Antenna Motors: ;

! |
When panel TsD-48 is hooked up to the radar by means of plug 30Shl5,
plus 27 voits are fed toTthe windings of motor-switching relays 42R14 and
42R14-1, The relays respond. Contacts 1 andiz of relay 42R14 opcn the
power circuit to the scaﬁnlng motor: plus 27/ volts, contacts 1, 2 of rclay
42R14, plug 4ShI. ;

In this case, the scanning motor can be switched on by plus 27 volts
supplied through plug 55h15 to plug 4ShI,

Contacts 4 and 5 of relay 42R14 open thc‘powcr circuit of the control
windings of the aziruth motor: plug 23Shl4; contacts 5, 4 of relay 42R14;
plug 18ShI, .

In this case, the azinuth motor is switched on as follows: the control
voltage from plug 23Shl4, through contact CII' of the distribution panel,
plug 385h15, is fed to the toggle marked "VK1l. mot,A" (azimuth motor switch)
in unit TsD-48 and, through this closed switch, to plugs 6Sh1S and 18ShI to
the azimuth motor in antenna unit TsD-31TP. When the toggle marked
"Vkl,mot,A" is switched off, the output of the aziruth magnetic amnlifier
is charged to the motor equivalent through plug 455h15,

Contacts 7 and 8 break the pover circuit’ of the control windings of

the elevation motor: plug 27Shl4; contacts 8 ‘and 7 of relay 42R14, plug

20Shl, In this case the elevation motor can be switched on by the control

voltage supplied to the motor winding through plug 27Sh1l4, toggle "Vkl,mot,N"

elevation motor switch), in ground testing unit TsD-48, plug 195h15 and
///élug 20Shl, When toggle; "Vkl.mot.N" is switched off, the qutput of the

elevation magnetic amplifier is charged with a load equivalent to the

impedance of the motor through plug 41ShiS,

Contacts.3 and 4 of relay 42R14-1 break the power circuit of the
magnetic amplifier of the stabilized Plus-150-v tilt voltage: contact Al2
of the distribution panei; contacts 3 and 4 of relay 42R14-1; plug 1Shl4.
In this case, the tilt magnetic amplifier can be switched on by plus 150
volts stabilized from toggle "Vkl.mot.krena"” (tilt motor switch) in unit
TsD-48, through plugs 375h15 and 1Shl4,

Switching RF-Voltage from the TsD-48 Ground Testing Unit Panel: The TsD-42
junction box provides the possibility of switching on the radar without
switching on the modulator and magnetron heater in the TsD-32TK transmitter.
From toggle "Vyk.nak.M' (magnetron heater switch) on the TsD-48 test panel,
plus 27 volts are fed to the windings of relays 42P4 and 42R4-1 through
plug 23Sh15. The relays respond.

zo7
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Contacts 1 and 2 of relay 42R4 interrﬁpt the 115 volts (600-900 cps)

of the power circuit%of transformer 32Tr-2: contact G37 on the distribution
panel; contacts 1 antl 2 of relay 42R4; fuse Pr3; contact E31 on the
distribution panel; plug 225h2. The filament power to the high-voltage
kenotrons is switched off, Contacts 4 and 5 of relay 42R4 disrupt the plus
27 volts from the aircraft power circuit to the filaments of the modulator

. tubes and the pressure-data unit in the st-SZTK transceiver; contact 2 of
contactor 42RIT; fuse Pri6; resistors R1 and R2; contacts 4, 5 of relay
42R4; plug 4Sh2. Contacts 7 and 8 of relay 42R4 interrupt the power fed to
transformer SZTrI-S;(through plug 215h2) and of transformer 32Tr2-3 (through
fuse Pr6, plug 245h2). The -900-volt and 1,460-volt voltage rectificrs and
the magnetron heater are switched off,

Contacts 3 and!|4 of relay 42R4-I dis#upt the power to the windings of
the thermal timc-deiay relay. |

Contacts 7 and!S of relay 42R4-1 interrupt the "korpus" (ground)
circuit of the windings of relays 42RI-I ‘and 42RI (provided this circuit
was closed by contacts 6 and 7 of relay 42RI-I at the moment relay circuit
42R4-1 closed). -

i

Section 5. Design of the Junction Box Unit
Junction-box unit TsD-42 is specially designed to provide removal of
the covers for access to equiprent.

In the upper ﬂeér of the box are sockets Sh15, Sh15-I and Shl6 which

connect up monitoring cables K15, K15-I énd K-16 and panel of ground test-

ing unit TsD-48, sockets Shl9 and Sh20, which connect cables 19F, 19-IF
and 20F, which lead to outlets on the aircraft.

The followingicables run through thé upper part of the back wall of
the box: cable 3 of receiver TsD-33, cable 6 of signal-forming unit
TsD-36, cable 7 of|ranging unit TsD-37, ¢able 10 of antenna control unit
TsD-40, cable 25 o noise suppression unit TsD-25, and the cable from the
fuse box, The following cables run through the front wall of the unit:
czble 1 of antennajunit TsD-31TN, cable % of transceiver TsD-32TK, cable
14 of antenna tilt dtabilization unit TsD-44TP, cable 26 of noise-inter-
ference indication; unit TsD-26TK, cable 29 of antenna-equivalent unit
TsD-29TNM and two Shielded conductors to| the control rheostat for magnetron
current. N

3
9‘ i . 2

in the horizontal|

o
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Inside, the Mites leaé to the distribution panels which are nurbered’
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Type RES-9 and RES-10| relays'are mounted on separate laminated plastic
(pertinax) boards, The remaining components, slch as relays, transformers,
contactors, resistors Rl and R2, are mounted on the walls of the box,

I

A special box, which ?isconngcted to main box TSD-42 by a cable,
contains the unit fuses Prl to Pr8 and Prl3 to Prl6, the potentiometers and
receptacle G-1. The front of the box has cpenings to provide access to

potentiometers R 11 and R4, =

On the housing of box TsD-42 there are fodr attachment lugs held to the
shock-mounted frame by cative screws. :

The fuse box is attached at the back of the frame with the fuce plate
arranged vertically and facing opposite the direction of flight of the
aircraft.

oY
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Chapter Twenty

. THE SYNCHRONIZING UNIT (BSYu)

Section 1. GcneralfCharacteristics of the Unit

" The BSYu synchrcn:z1ng unit is d*51gned to operate in conjunctlon
with the PAU-473-1 Camera .

The unit starts the electric motor of the PAU-473-1 camera in the
intermittent (stillgphotography) or motion-picture regime., This is done
by producing a plus«27-volt pulse with a 30-80 microsecond duration every
2.2-2.8 seconds forWthe still-photography regire, or a continuous voltage
of plus 27 volts in“the continuous, métion-picture regime. Filter FBSYu
suppresses 1nterference from the spark-producing elements in the BSYu unit.

The unit draws: plus 27 volts DC, 0.5 amp, It weighs 1.2 kilograms,
-The circuit diagramis shown in Flgure 32‘

Section 2. The Circdit of the Unit

When the 1nput of the BSYU camera synchronizing unit is fed the
commands "Vysokoye"l(hlgh) and "Proverka" (test), relay R3 responds to
start the motor of tne unit, which rotates a cam. The cam is designed to

_ Totate once every ZLS‘secnnds, during whlch time the microswitch is closed
for a period of 20-30'm1uroseconds, when plus 27 volts are fed to the
starter relay of cahera PAU-473-1. The response of the relay draws from
the output of the un1t positive 27-volt p'lses with a duration of 20-80
microseconds and a fepetition rate of 2,5|seconds, thus starting the
camera motor which is kinematically c0up1ed with the shutter. When pulses
are being transmitted; from the BSYu Synchronizer, the motor in the camera
‘moves the film in t e|cartr1dge, and the ihutter remains open for the
exposuve period of 2.5 seconds, thus tak1ﬁ5 a photograph of the indicator
screenJ When the uﬁlt input is fed the command "Pusk" (start), relay R2
in the [BSYu Synchroﬁizer responds to shift the unit into the motion-picture
mde, JIn‘this case| plus 27 volts are drawn from the cutput of the BSYu
Synchrdnizer to run{the electric motor in|the camera continuously as long
as. the command "staft! is in effect.

! \ :

In the motion-picture dode, {he exposure rate is 7-11 frames perx

Secondo‘ ; . 1 \

i
\
I
'
i
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Operation of the Unit When)the Command "U1gh"‘1s Given for "Radiation":
i
Relays Rl Rz, and Rs‘are de—energxzed From the aircraft power circuit,
27 volts are fed to circuits 5Sh27-1Sh27. Fron the camera, contact 8 of the
winding of relay Rl is fedlground potential through circuit 6Sh27, normally
closed contacts 5 and 4 of| relay R2, contacts q of the winding.of Ri, and
then through normally closgd contacts 2 and 1 ?f relay Rl,
! i
-During operation 0n‘rLdiqtion, the command "Vysokoye" ("high") is sent
from the radar control pangl TsD-41UTPH to plug 7Sh27 and on to contact 7 of
the winding of relay R3 in);he form of a positive 27-v voltage, Relay R3
responds supplying through plug 5Sh27 and closgd contacts 3 and 1 of R3 the
plus 27 volts to the w1nd1ng of electric motor M, which rotates cam K,

Periodically every 2 5 seconds cam K closes contacts 3 and 4 of micro-
switch V2 for a period of 20-80 microseconds, and the plus 27 volts are fed
to contact 7 of the w1nd1nn of rclay R1,

Slnce "ground" is supplled to contact § of the winding of relay Rl fron
plug 6Sh27, and to normally closed contacts 5 and 4 of relay R2 from the
canera, rclay Rl responds and blocks circuit 55h27 (closed contacts 4 and 6
of relay R1) and contact: 7 of the winding of relay Rl only during the period
when contacts 3 and 4 of rucrOSW1tch V2 are closed that is for 20-80 micro-
seconds,

The response of rblhy Rl opens its contacts 1 and 2 and, at the sarme
time, breaks the grounding circuit of the electric wotor of the photographic
unit; plus 27 volts are fed through closed contacts 3 and 1 of relay Rl to
plug 3Sh27 to start the rotor of camera PAU- 473 1, which then goes through
its operation cycle, .

A special canm in the photographlc unit requlateq the operating mode
of relay Rl, ‘

At a specified time, ‘the control cam in the camera closes microswitch
V1; the closed contacts ‘of this switch change the polarity of the voltage
fed to Synchronizing unit BSYu, and plus 27 volts are fed through plug
6Sh27 to contact 8 of the winding of relay Rl., Rl responds, closing its
contacts 1 and 2 and feeding the plus 27 volts through plug 65h27 (norrally
closed contacts 5 and 4 ‘of relay R2, contacts 2 and 1 of relay R1) and plug
35h27 to the wind1ng of the e1ectr1c motor of ithe camera, The control cam
of the camera rotates and. at the correct moment, closes contacts 1 and 2
of microswitch V1, and 4ground" is again connectcd to plug 6Sh27 and from
there to contact 8 of relay Rl ‘

The electric motorvo; the camera is grounded through circuits 6Sh27
(normally closed contacts:5 and 4 of relay R2, norrally closed. contacts 1

R/
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and 2 of relay R1) and 3Sh27, The control cam of the photographic unit
begins to rotate and, at the right moment, closes contacts 1 and 2 of
microswitch V1; ground potential is fed to 6Sh27 and from there to contact
8 of relay Rl1,

From circuits 6Sh27 (normally closed contacts 5 and 4 of relay Rz,
normally closed contacts 1 and 2 of relay R1) and 3Sh27, ground potential
is fed to the winding of the electric motor of the photographic unit, At
this moment the armature of the motor is shorted, which imparts a strong
braking action.

The control cam in the kinematic linkage of the camera is arranged so
that the braking and stopping of the electric drive motor will occur at
the moment the camera shutter is open to the sector opposite the exposure
aperture,

From the moment the niotor stops until it starts up again the image
on the screen is exposed on the film, Uhen relay Rl of the BSYu
Synchronizing unit receives the next pulse from microswitch V2, the opera-
tion of the electrical circuit is repeated.

The rotation of the qlectric motor in the BSYu Synchronizing unit and
the feeding of pulses to relay Rl occur without interruntion during each
period of 'action of the cdrmand "high" during "radiation,”

Operation of the unit upon the command "Proverka" (test):

| ,

The command "test" is used to test the functioning of the BSYu
Synchronizer and PAU-473-1 camera without switching on the radar when the
aircraft is on the ground, ‘ I

When the input of cﬁ}cuits 18h27 4nd 5Sh27 are fed 27 volts, and
circuit 8Sh27 is fed the:¢ommand "test” (plus ?7 volts), relay R3 responds.
The vest of the operatioP!of the circuit is thé same as already described
for the operation of ther‘nit on command "high! during "radiation.”

. : i 5 i :

‘ The ?SYu gand PAU-47311 units (Synchronizer and camera) function only
as long as the}"Proverkq“!(test) button located on the back of the housing
of the PAU-473-1 camera is depressed. Vhen the "test" button is released,
these two units cease‘tqiEunction. - d

: b ! o :
Operation of the unit uppn the command! "Pusk" (start):

M ' ;

- |

: The command nstart' follous ‘the still-photography command. As a

result of the preceding |still-photography commpnd, ‘the motor in ‘Synchronizing
unit BSYu}bééihs to rotdte. The command "start" is fed to ‘circuit 4Sh27

and on goicdﬂtﬁct 7 of the winding of relay R2j; the relay responds, breaking
its contpfts ) 1‘ ’ sape tire, brpaking the power supply circuit
i b i . !

!
i I
| o lanm
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to relay Rl (contact 8}, and the control cam of the camera, The plus 27
volts DC supplied through closed contacts 6 and 4 of relay R2 to contact
8 of the winding of relay Rl do not cause rclay Rl to respond, because
contact 7 of ‘relay Rl tic:ts only the positive ‘pulse of the amplitude, equal
to plus 27 volts, from microswitch V2, . Thus the motor of Synchronizing
unit BSYu does not control the operation of the carera in the motion-picture
mode, L ‘ i

‘ Plus 27 volts arel fed through circuits 55h27 (closed contacts 6 and
4 of relay R2 and normally closed contacts 2 land 1 of relay R1) to circuit
3Sh27, and the electric motor in the camera operatcs comtinuously (rotion-
picture mode) during the time the command “start" is in effect. Vhen relay
R2 rcsponds, it closes'its contacts 3 and 1, which guarantees transmission
of the response signal to circuit 9Sh27, ‘

At the &onclusion'df the conmand "start” the unit begins to scnd circuit
3Sh27 trigger pulses which operate the PAU-473 camera in the intermittent
(still-photography) mode.

Section 3. Design of the Unit

The DSYu Synchronizing unit is assembled in a cast metal housing 245 x
77 x 64 millineters in size,

On the floor of the housing are the reduction gear and motor, micro-
switch KV-9 and three rélays. '

The shaft of the Emptor is coupled kinematically with the shaft of the
shaped cam in the ratio' 1 : 291,666,

The response of microswitch KV-9 can be adjusted by shifting its
mounting bracket, which is accessible through an oval opening in the housing
of the reduction gear. The principal circuit diagram of the BSYu filter
circuit is given in Figure 33 (sec the collection of circuit diagrams),

i
23
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Chapter Twenty-One

PAU~473—1 CAMERA PLUS FOCUSSING TUBE

Section 1, CGCeneral Description

The carera is used to photograph the screen of indicator unit
TsD-34IPM in the still-photography and motion%picture modes and to provide

visual observation of the; screen under both ddaylight and night conditions.

Visual observation is guaranteed by a device which continuously
regulates the passage of light,
i

The photographing is; done by camera PAU-473-1 in conjunction with the
special focussing tube which contains an optical system.

The p051tivc trigger pulses from the BSYu unit are used to start the
photographic operation and to initiate the stlll—photogrﬁphy node of photo-

graphing,

A DC voltage (plus 2/ volts), likewise taken from the BSYu unit,
initiates the photographxc process in the wotlon -picture mode,

The ochctlve of thu photographic unit contalns a 1:14 diaphram,

The unit also hds a framln& device which! adjusts the optical system
of the focussxng tube sp that the entire s»reen will be in the field of
view of the obJectlve. il

The PAU filter supnﬁesses the noise conlbg from the sparking elencnts
of the carera,

i“ : !

Section 2. Main Technimal Characterlstlcs of;the Camera:

1. Optlcal data: : ob;ect1ve focal length: 20 mm;
’ i

maximum aperture Latlo: 1:5.6

field of view: 14°40' x 14°407;
|
vesolution: not less than 20 lines per um;

exp;sure:! (motion-picture mode) 1/30 second.

o
274
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Electrical data: DC powerisupply% 27 volts ¥ 10%;
‘ 1. electric heatery 27 volts;
. total power requirement: not over 60 watts.

Design data:: | frare format: 10,5 x 10,5 mm;
‘ length of film in cassette: 6 meters
(570 frares); |
photographing 'speed (rotion-picture rode):
7-11 frames per second;
length of trigger pulse: 20-80 microsec;
interval between pulses: 2.2 - 2,8 seconds;
’ dimensions: 225 x 86 x 48,5 nm;
| weight: 1.2 kg

i

The camera consists of:
1
. electrical sectionj
.~ nechanical section;
. optical section;
. electric heater,

The principal circuit diagram for this camera unit is given in Figpure
34, (Sec callection of circuit diagrams) |

Section 3. Operation.

Intermittent (still-photography) Mode: The initial conditicns of the
electrical circuit: electric motor M shorted with its pole output connected
(shorted) to ground through circuits 1Sh26 (contacts 1 and 2 of microswitch
V1), 75h26 (normally closed contacts 5 and A of relay RZ 2nd normally closed
contacts 1 and [1] of relay R1), 3Sh27 and 3Sh26.

then the electric motor in the BSYu unit starts up as a result of
the command: (depression of button) "Vysokoye" ("high") on "Izlucheniye"
(radiation), cam X, by'pressing against microswitch V2, closes contacts 3
and 4, and plus 27 volts are fed from the aircraft power circuit to contact
7 of the winding of relay R1. Relay Rl responds, closing its contacts 1
and 3 and disruptingithe shorting circuit of electric motor M in the carcra
unit., o ‘

P i

The 27 volts fram the aircraft power circuit go through the closed
contacts 3 and 1 of zelay Rl to the input plug 3Sh26 of the camera unit
and on to the winding of electric motor M, ! The motor begins to turn over
and rotates shaped cam K which is kinematically coupled to it. Cam K closes
contacts 3 and 4 of microswitch V1 for a given time (0,1 second), and
circuit 7Sh26 is fed |the response signal ir the form of the DC voltage of
plus 27-v, :Tais voltage from circuit 75h26 is fed to 6Sh27 in the BSYu

A5 ‘
5-E-C-R-E-T
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Synchronizing unit and on to contact 8 of the winding of Tclay Rl. - Relay
R1 de-energizes, disrupting the plus 27 volts to the power circuit (5Sh27
and contacts 3 and 1 of irelay Rl) of the armature of the elpctric notor,
The electric motor and;the cam coupled to it rotate by inertia only as lohg

as it takes the contacting plates to move frpm the normally open contacts
to the normally closed contacts.

Then the plus 27 volts are fed to input;circuit 3Sh26 of the camera
unit through circuits 23h26 (contacts 4 and 3 of microswitch V1), 7shz6,
6Sh27 (normally closed, contacts 5 and 4 of relay R2 and normally closed
contacts 2 and 1 of relay R1), and 3Sh27. The electric motor M continues
to operate until cam K' closes coﬁtacts‘s,andi4 of microswitch V1.

Whereas cam 4 opens contacts 3 and 4 of imicroswitch V1, contact 1 and
2 of microswitch VI close, and input circuit(3S5h26 of the camera unit is
fed once more a voltage lof minus 27 v through circuits 1Sh26 (contacts 1 and
2 of microswitch V1), 7Sh26, 65h27 (normally!closcd contacts 5 and 4 of
relay R2 and closed contacts 2 and 1 of relay R1), 3Sh27, and the electric

motor in the photograpﬁi% unit is . 5shorted, which imparts an abrupt braking
action, | !

The nethod of dynamic braking the electric wotor by shorting the
armaturc is used as a fast braking of the motor in order to set the shutter
accurately, : ;

I i
In this braked condition, the electrical circuit of the camera unit
is.prepared to reccive 'the next trigger pulse, which will repeat the opera-,
tion of the circuit, ! | : :

This concludes the ppcratibn of the phoqographic cycle,

Can K in the kinematic linkage of the camera unit is arranged so that
the braking and stopping of ‘the electric drive motor will occur at the
moment the shutter is apen to the sector Oppqtite the exposurc aperture.
From the moment the motor stops until it starts again, the image on the
screen is exposed on the film,

The 1dngfh of expoguré (exﬁosure of a frame) is determined by the
interval betw?eq,the trigger pulses of the cahcra unit,

<
.

A it ;
The Continuouf Photographing Mode (motion-picture mode) :

}

Upon thelcommand ‘j%usk" ("start"), which|is given in the forn of a
plus-27-¢ol¢ oltage, relay RZ in the BSYu unit energizes and shifts the
carerd into the motion—pjcture mode of operation.

|
,

k

|
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The energizing ?fxrelay R2 opens contdcts 5 and 4 of relay R2 and
interrupts the circuit| that . shorts the armature of the electric motor in

the camera unlt I : ; ’
{ |

“The plus 27-v at‘e fed wlthout interruption through circuits 5Sh26
{closed contacts 6 aid 4 of *elay R2 and cantacts 2 and 1 of relay R2),
35h27 and 3Sh26 to the'mput of the camera unit and on to the winding of
the e1ectr1c motor., : : :

The electrxc notor operates continuously as long as the command "pusk”
is in effect. .
P |

The continuous turning of the electric motor of the camera provides
a photographing of the scrcen at a rate of‘? 11 frames per second (motion-
picture mode). j ) |

When the comnand “pusk" terminates, thc electrical circuit of micro-
switch V1 in unit BSYu is re-cnergized; then when the unit receives the
trigger pulse, the camera will operate in the intermittent (st111—
photography) mode, ‘

The camera shuts off along with the PSYu synchroaizing unit with the
reroval of the command; "Vysokoye™ (high). 'The response signal is registered
only when the canera: is operating in the motion-picture mode.

. |
The "Proverka" (test) Mode:

Use- the button maxked '"Proverka" (test) to test the functioning of
the ‘camera when the aircraft is on the ground. This button is located on
the back wall of the: camera housing.

‘ , ; »

When the "Proverka" button is depresseéd, the plus 27 volts from the
aircraft power circuitiare fed to circuit 65h26 and then to input circuit
8Sh27 and on to contsct 7 of relay R3 in the synchronizing unit BSYu to
start the électric motor. As a result, thé BSYu unit begins to send out
trigger pulses with a duration of from 20 to 80 microseconds and a repeti-
tien rate ¢f 2.2 to 2.B seconds., The camera and synchronizing unit BSYu
operate in the intermittent (still-photography) mode, Ihen the "Proverka"
button is released units BSYu and PAU-473-1 cease to function

To test the operatlon of the cawera in the motion- plcturc mode, depress
the button marked "pus L" (start] The camera will overaté in the motion-
picture mode as long as the starttng relay is blocked.

i .
B i
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Suppression of radio interference: ‘ A ’

Radio interference is eliminated from electric motor M and microswitch
V1 by means of capacitors Cl and C2, located inside the PAU-473 camera and
by means of secondary!filter box FPAU containing capacitors. The box is
100 x 72 x 49 millimeters in size.

The electrical circuit diagram of the FPAU filter box is shown in
Figure 35 (see the collection of circuit diagrams),

The camera unit consists of the following main parts:

|
. the PAU-473-1 camera;
. cartridgey
. focussing device;
» optic; and
. electric heater,

The Canera:

~

The "photoronitoring instrument™ is a rectangular camera, 225 x 86 x
48,5 milligpeters, : 4

It consists of aihousing and cover, h cutout with a hinged cover is
used to load the camera with a film cartritlge. The cover locks shut. The
front of the camera contains the objective, and the back has the plug-and- -

jack assembly,

stat, heater, the fi?@-moving mechanism, shutter, hicroswitch KV-9, a gear
to transmit the motibn from the motor to the diffe ential, and gears to
transmit the notion from the |differential to the shutter and to the maltese
cross. On the pin of /the maltese cross there is is gear to transmit the
intermittent motion to the cdmera mechanis. Springs on the cover and on a
platen hold the filijartridge in the operating position, that is in the
position where the ehilsion %ayor of the £ilm will be in the focal plane

* Inside the camerd are ai electric motpr attac%:d to a plate, a thermo-

of tﬁé objéctive,

.
o
The Film Cartridge: |

i ‘ ‘
The‘film carﬁridge is a pressed opaque housing with a cover, The
‘are| qutside ‘the [cartridge, '

L
b

|
: \
! ‘
| ‘
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i
|
|

gears

2y |
B-BHC-RsE-T|




ed Copy Approved for Release 2011/03/31 : CIA-RDP82-00038R001800190001-3

50X1-HUM'

The Viewfinder: L ; \ s
l s P

The opt1ca1 systcm in the v1euf1nder consists of a 6-poweT microscope
to enlarge the image produced by the objective in the plane of the film
and a gratxng superimposed on the flat side of a corbination piere, The
field of view of the’ opt1ca1 system is in the form of a circle 11 milli-
meters in diameter. f

The optical system consists of the foilowing The conbination piece
with cross lines at the frame aperture, mlrror ‘with external rcflcctlon,
objective, eyepiece. :

The optical system of the viewfinder affords the possibility of viecwing
for any degrec of rotation of the corbination picce within the limits of ad-
justment of the camera on the photographed iobject,

The eyepiece of the viewfinder can be moved axially to accommodate the
eye of the obscrver (refractive viewing).
]

‘Tube With Optical System:

The tube with the optical system consists of:

. protective cap

. housing

. polarcid ‘cassctte

. corbination light filter,

The protective cap is made of pcrf01atcd rubber with inside coating
of velvet black. A rubber washer provides ‘a tight fit of the light filter
ta the housing and prevents the intrusion of light into the inside of the
cap.

Inside the housing arc the conblnatlon light filter and mirror, In
the cover there are three adjusting screws for positioning-the mirror in
such a way that the entire ficld of the indicator screen will be in the
ficld of view of the ébjcctiVe.

The polaroid cassette is in the form of a moveable piece containing
a Dolaroxd light filter protected against danage on both sides by protective
glass attachnents.

|

The rim of the moveable piecce has a gear link to regulate the amount
of light passage. The rim has the lettersi"D", "N", and "S" marked in xred;
these marking correspond to the maximum ") and minirunm ("N'') passage of
light, The marking "S" indicates the recownended position of the polaroid
for cbscrvation at dawn and dusk.

The tube with the optlcal system is attacncd to the indicator by four
latches., ‘ i

19 |
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TsD- 48 GPOUVD TESTING AND MOWITORI“C PANEL

Section 1, thctioﬂ-of the Panel
[}
) The TsD-48 unxt, ground testing pnncl, is used to check the main
parametcrs of the radar duriag operation on the ground in conjunction with
the TsD-41UTPIi radaﬂ coutrol panel, The ground testing panel has control

instruments for - e "0110w1ng operations:

sw1tch1n5 the radar on and off

sw1tchﬂng the high voltage on'and off;

switchi ing the mgnetxon and receiver filament circuits
on and off;

sw1tch%na the phantom target ngnal on and off;

sw1tchqng the azimuth, elcvatlon, tilt and scanning
motors on and off; |

swltchﬂhg the VTsD-30 altitudd simlator signal on and off;

su1tchﬁﬂg the DU ranging system on and off;

sw1tch1ng the TsD-32TK trqnscelver from the manual
AFC- hiystron (RRChK) mode to the automatic AFC-klystron
(APCQ node;

sw1tch1$g the RF radiation from antenna to equivalent:

. checklng the calibration.of tHe TsD-34TPM indicator
accor¢inﬂ to the ph1ntom targct signal with fixed
delay;

checking the current to the Til magnetron;
checking the 115-volt, 400-cy¢le and 110-volt, 600-900-
cyclq]AC and the 27-volt DC|supplies;
checking‘the rectified stabilized voltages: plus 300
volt% t; - 250 volts st; plus 150 volts st;
checki g\the feedback;currenthor tilt;
checkiithhe'bdl nce of the magnetic amplifiers for
th, elevation and tilty
checking the balance ?f the DE arplifiers for azimuth,
elev kon and 'tilt in the Ts D-407K antenna contvol;
checking| the voltage on the stator windings of the
azi , elevation and tilt|sclsyns SnS;

checkmq rthe voltage of the RRChK manual klystron

frequency control; ! :

checkiqg, with the indicator amps, the commands issued
|

to the| radar: i’

a) wit$ the hlgh voltage switched oh;
[

|
|
|
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with an£ nna radiation switched on;
upon the signal Ybreak’off attack.”

w |
| L
1 | |

i \

followiLg signals and voltages axe checked at the test
outlets, on the front panel ofithe unit:

A ; !
crystalwlII current;
neise and video signal at output of the TsD-33 receiver;
voltage of the 31Sn5 tilt return-to-zero sclsyn;
uoltag% £ the izimuth;refererce voltage generator;

pulse of| the output blocking oscillator from TsD-25TK
noise suppression unit;
error sipnal voltage from the TsD-40TK antenna control unit;
115-voﬂt , 400 cps from the PO-1500 voltage converter;
115 volts, 600-900 cps; plus 27 volts; plus 150 volts
stabilized; plus 300 volts stabilized; plus 250 volts
stabilpzed; minus 250 volts|stabilized;
h) phantom target signal (positive and negative polarity);
i) trigger pulse of TsD-32TK trapsceiver;
j) voltage Fron the stator windings of the aziruth and
elevation sclsyns in the TsP—SlTP antenna unit.
| |
Section 2. Technicﬁﬂ Data | |
1. The unit checks the supply voltages: 115 (24%) volts, 400

(+28, -20);&ps, from the P0-1500 voltage converter (whereby

250 microakps indicated on 1nstr@ment on ground testing unit
TsD-48) 3 1}5 (£3%) volts, 600-900 cps, from the variable-

frequency penerator; and 27 (¥ 10%) volts from the aircraft
pover circuit. ' i

| ¢
The unit chdcks the rectificd voltages: +300 (* 3) volts
stabilized; |+ 250 (£2) volts stabilized; and +150 (¥ 2) volts
stabilized, | \
I

When all supply and rectificd voltages are being weasured,
the indications of the IP meter ¢f the ground testing unit
TsD-48 are adjusted to equal 250| (* 5) microarps.
The unit checks the 13.5 (¥ 25) amercs current of the Ti
magnetron, which corresponds to an indication of the IP meter
in division numerically equal to the magnetron current.
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The unit checks the currents of crystals I, II, and III,
which should be withid the linits 0,2 to 1,6 milliamperes
(corresnondxng to anggP meter reading on the TsD-48 test
unit of 20 to, 160 microamps),

The ' unit checks the voltaoes fron the cutputs of the DIC
ampllfxers for azirmuth, elevation and tilt, as well as the
tilt feedback' voltage,

T :
Theiunit supplics to plug 75h15-2 and to the IP meter the
RRChK (mr‘ual%)klystron frequency control) voltage within

the'limits =100 to ~240 volts (100240 microamps on the IP
meter)

i ‘ ‘
The |unit sunp‘1es to the test outlets marked "Vykhod
TsD433" (Outp t of receiver TsD-33) and "Signal __ | L

(positive 51 al), and sunphes to plug 8Sh15-2 a phantom-
target 51gna,’1 pulse of posn:lve polarity 0-30 volts and

repetition fh,e T9 in the scan mode and T19 in the aiming
nmde, and toLthe outlet ngrked "Slgnl -L_r__" (negative

smml) a pulse of negative ‘polanty and 30-volt arpli-
tude with thé same repctumn rates,

| Thie phant)nntarget 51gnql can bc ‘modulated i fregueacy

The unlt is | E upplied with tHe 315n6 selsyn feed woltage
from TsD- 44TP| (magnetic anplifier and antenna tilt stabiliza-
tion unit), h ich can be used in conjunetion with the two-

" way switch ma ked "Kren-P - !Kren-L" (Tilt-R - Tilt L) to
check the fUnFtlonlng of th? tilt channci,

Tb the test | b#tlets marked ‘[TK-IITI", "Nap, GON" (voltage-
ref rencc-voi?age gencrator} "Imp, zad bi.gen,TsD-25" (pulse
tr ling-edga plocking osc111ntor Ts0=25}, "Zapusk TsD-32"
(start trans, tter’ TsD-SZ),,"Irp ‘TsD-31" (pulse antenna
TsDr31) and 2o the RF outlet on the SP-104 (noise tracking '
unit) the unit supplies pulses and voltages which are
rectzfxed in, the radar and ied dzre.tly to the test outlets
and the RF cuTlet. .

Y
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10. The unit cperates on voltages supplied fron the radar when
cables 15- 1k 15-2k and 16k gre hooked up, the required
currents belng supplied by the power source: . .

1, 115 volts (plus-minus 3%}, 400 cps, 0.4 arp from the
AC network; '

2. plus 250 volts stabilized.., @0“ arp; ninus 250 volts
stabilized... -0.002 arp; plus 300 volts stabilized...
-0,002 arp from the rectified voltage sources.

Section 3. Unit Design

The unit is designed in the form of s unit housing, rectangular in
shape, with removeable back wall, The inside front cnd side walls held all
the parts and circuit corponents, plus a panel centaining the electron tubes,

On the left side waii are the three plug-and-jack
Sh15-2 and Shl6.

The front of the housing has the IP reter, instmurent lom,
larps, 25 test ocutlets and the following te t instruments:

1. S5-position switch Pl, ositien

itch P2, 1l
switch P3, 8-position <h1tch ™,

S
s- -position swi

knobs: "Zaderzhka" (delay), “Asplit.sign.' (signal
arplitude) and “Napr, RRChK" (1& ual klystron fregquency
control voltage};

3. 18 toggle switches;
The unit dimensions are 580 x 297 x 200 millimeters.

1.

The unit weighs less thon 30 kilogrars, including the cables.

When it has been removed from the housing, the rader can b
up by cables 19 and 20, the circuits of vhich are shown in fisu'
37 (see collection of 01rcu1t diagrars), The vrincipal circuit
of the TsD-48 ground testing unit is given in TLsu"‘ 38 (see book
diagrams),

223
§-E-C-R-E-T
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